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(54) POLARtSER AND UQUID CRYSTAL DISPtJiYELfMei^ 



(57) The invention relates to light polarizers and 
devices for displaying information t>ased on saki pol»iz- 
ers. in pwticular to a fiquid crystal incKcating (LCI) ele- 
ment, ml can te used in flat iquid-crystal (fisplays, 
including 1tK>se of the projection type, lunvnairs. optical 
modulators, matrix systems of fight modulation, etc. 

The objective of the invention isto prcvkte an highly 
efficient polarizer prcvicKng an mrproved kxightness and 
cofou- saturation of a LCI element t>ased on such polar- 
izer. 

TTtts objective is to t)e attained t>y using, in manu- 
facture of a polarizer ^ a LCI element t>ased on such 
potarizer. at least one birefringent anisotrcpfoally 
^bsort)ing layer having at least one refractfon index that 
grows as the polarized ti^ wavelength increases. La 
having the Abnormal (fispersion. 

The use of sakJ layer aUows to create polarizers of 
txTth the dicfirok: asmA interference types. Ftirther. the 
use of said layer allows to create a polarizer tfiat pro- 
vides, in a relatively stnrple design, conversfon of practi- 



cally ^ energy of a nor>-polarized radiatfon into the 
polarized radiation. 

The ^bove-recited peculiarities of tfie claimed 
polarizer t)ased on a txrefringent antsotropKalty absort>- 
ing layer having tfie abnorrnal c6^>ersk)n allow to create 
both a cofour and morKx;hromic LCI element cfistin- 
guished for an higher brightness, cokxjr saturation, 
good angular characteristics and absence of shadows. 
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Descr^ition 

Reld of the Invention 

5 [0001] This mventk)n relates to opti(X. and in partk^ 
thereon 

[0002] A polarizer, that transfonns the natural light into, the polarized K^. and a Equid-crystel indicating (LCI) 
element based thereon are of the necessary elements of the up-tCHiate devices tor displaying information on fiquid 
crystals (LC). monitoring ^stems and light blocking. 

10 

Description of the Prior Alt 

[0003] The polarizers presently used arefflms aiented t>y the uniaxial tension, a polymer fSm dyed ffi mass by organic 
dyes, or iodine conrpounds. As a polymer, polyvinyl alcohol (PVA) is mairty used fsee, e.g. US Patent 5 007 942 
IS (19910]. 

[0004] Pt)larizers based on PVA, dyed with iocfine have high polarization characteri 
duction cl liqiMiHTystal tncficators for screens, watch^ 

tXOSl However, an high cost and a low thenria! resistance of the polarizers based on P^^ 

in the mass-production consumer goods, in partiodar in manufacture of multi-iayer ^ass and fBms for automotive indus- 

20 try. constniclion. arcWledura This circumstance, in its turn, calls forth development of new type of polarizers. 
[0006] Known is a poller being a substrate whereon applied is moleculart^ 
of forming the nemalic phase [US Palert to. 2 544 6593 (1951) and Patent of Jap^ 
10007] Sad polarizer has higher thenrol resistance as conpared with the polarize 
polarizer^ moleculariyK)riented fams of the dye has an high thermal st^^ 

25 als as, e.g., ^^ass. 

[OOOq Among Aaywbacte of the polarizer accordtfig to us Patent hfo 2 544 6593 and Pa^ 

sha^ be mentioned, fkst cl afl. an insufficient polarizing capab«i^ 

[OOOq A polarizer [AppRcrtionPCT WO 94/28073(1994)] being a subslrate whereon 

tWckof the moleculartyK)idered layer of water-sokJbledyes be«^ 
30 cyclic compounds, or their mixtures of the general formula (0, have higher polari^ 

{Chromogene) (^O^ifin> where: Chromogene is a chromophore system of adye; M - H*. U*, IMa* K*. Cs*. NH4* 

which are c^jile o# forming a st^ lyolropic Hquid-crysta! phas^ 

tropic liquid cryst^(LI-C) aid conyositions based thereon. 

[potOl ToproduceapotoizeraccoiclingtoappficaiionPCT 
35 of a dye, and stmultaieously the mechanical orientation with siA)seq^ 

on the substrate siffface formed is a thm film of the molecularty-oit^^ 

of effidentiy polarizlrig the light But s»d polarizer has the polar^^ 

in the N^wesohition LC-cteMces. 

[0011] Also taiown TO polarizers ((operating)) owing to other physical phenornena*^ 
40 reflectances having (fifferert polarizations. Polarizers ol this type are referr^ 

phenomena of the fight polarization bolh in incidence and reflectiOT 

ri^ incfined arigtes close to Brewster angle, and at the nomtal (perpendic^ 

reflection from the surface o# birefringent materials. In that case an improven^ 

through use of multi-layer desi^ of reflecting polarizers. 
45 [0012) Also lowwn is a polarizer [ApplcationPCTVSO 95^7691 (1995)] compri 

havvig such thickness that theren realized is the interference extremum at output of an optical polarizer at least for one 

linearly-polarized 6^ component Such polarizer includes interleaved layersof two £ransparef7f (non-absort)ing in the 

operating wavelength range) polymer materials, among wNch at least one of them is tf^ 

in said polyrrier materia is forrned when a film manufactured of such ma^ 
50 The other 1^ of polymer material, interteaved in layers with the birefringent layer, is the optically isotropic one The 

ordnary refaction index of the bffefringert layer is equal to the refraction ind» 

[0013] Prinqpte of operation of the known polarizer is as foMows. One 1^ 

ized light to wfich component corresponds the extraordinary (grecrter) refractfon index of the birefringent layer, is 
essentialy reflected from a multi4ayer optksl polarizer owing to a difl 
55 birefringent layer fflxf optically isotropic layer. VWhenthk^^ 

reflected from boundvies of the layers interfere with one another. Whe^ 

ces are appropriately selected, the optical travel difference between the wav^ 

is equal to m integer of wavelengthes. i.e the reflected waves* interference result will be the interference ntaximum 



3 



EP0961138A1 

resufting in their mutual intef^^ In this case reflectk)n o# the linearV^w^ 

light, to which confxment corresponds the exlrao«finary (greater) refraction index of the birefringent layer, is intensified 
significantty. 

[0014] The ordinary (sn«n) refraction index of the bffefringert layer is se^ 
5 index of the optically isotropic polymer layer. Le. there is no cftfference (atxupt changes) off the refraction incfices at 
Iwiindaries off the birefringert and opticaOy isotropic pol^ 

of the incident non-polarized Bght, to which component the orcfinary (smalO refraction index of the birefringent layer cor- 
responds, passes through the multi-layer optical polarizer completely, without any reflections. 
[0015] Thus, when the non^)Olarized light is incident on a known polarizer, one linearty-polanzed component is 
10 reflected, and the olherBneQr!y^)olariredconrponert passes throu^t^ 
both for the passing and reflected lights. 

[0016] ThepolarizertawwnfromapplicationPCT WO 95/17691 is 
polarizer having a wed« absorption and cfichroism. being the optically posi^ 
rde played by the ad(fitional (fichroic polarizer, the transmission 
IS r^lecting optical polarizer, is reduced Id efinriination of the external li^ 
atedforthe <<translucency». 

[00171 Oneofthedfeadiwitagesoftheknownpolfflizerisacoiiparativefy 

characteristics, le. dependence of the polarizing capacity and the reflection index (and transmittance) on the polarized 
li^ wavelength. This disadvantage is caused by the circumstance that refraction indices in the used materials 
20 descrease as the polarized fight wavelength increases. 

[0018] The other cfisadvantage off the laK)wnpoltfizer [Application PCTV^ 

nurri>eroftheinterieaving layers, wfiich necessity is caused by the drcunretence that the t)irefririgencenraxi^ 
(differerK» between the ordinary and exlraordkiary refraction irxJices of a bIreW 

materials is low and generally does not exceed 0.1-0.2. For this reason the reflection index froin the layer boundaries 
25 is srnall. Old for the purpose to ol)tain an high reflection as the vi^holefr^ 

^eat number (1 00^) of layers, ^ppfication of which layers is an extrenriely dH^ 
6(|u|pment 

[001 9] The second reason of the necessity to use a great number of layers in a polarizer in said reference is as fol- 
lows. To pol^ize the fight in a wide wavelength range in the rnulti-l^rer coa 
30 grotps of pairs havirtg different thicknesses for (<tuntf)g» of each pairs' ^oup for the <<own>> wavelength within a 
wide spectnmi range must be available. 

[0020] htonelheless, even when a great nunriber of groups ot pair layers, each ctwhic^ 

used, the optical characteristics of the known polarizer are 6ignifi(^f% dependent on tt^ 
[0021] It should be noted that the dbove-ctted polarizers of both the dchroic »xJ interference types are to utilize not 
35 nme than 50% of the incident fi^ energy. 

[0022] WNfe known are polarizers that utBtzenme than 50% ol the incident energy. 
[0023] Also known is a polarizer [US Patent hia 3 522 985 (1970)] inriplernent^ 
^3pfiedare: 

40 • a polarizing nrieanscifferentty focusing two plurafities of lineariy-po^ 
constituting the non-polarized light rodent thereon; 

• rneans for changing polarizatfon off at least one pkirafity of ligmbean^ 
of the norvpol^ized igm incident on the pol^izer; 

• a means for colfimation of the fight outputted from a polarizer, irrplemented in the form of an arr^ of cylindrical 
45 lenses. 

[0024] The above-rnentioned polarizing means consists of two pairs of diel^ 

the birefringent one, the other beffig the opticaBy isotropic ona Thereby said layers are interconnected ly their appro- 
priately moulded surfaces and thereby form a homogeneous way of kientical q^ndrical microlenses. 
50 [0025] Between sad pairs of sad dielectric layers positioned is a continuous half-wave biref^ 
axisofwhichplateisatangleof 45°tothecfirectionof geornetricaxesof saidcylM^ lenses. 
[0026] Sad meois for polarizrtion changing is a sectioned bireftringertphaseKlel^^ 
quarter-wawe plate, par^ to ttie polarizer plane, and having the optical axis at 

ric axes of said cylindrical lenses Downstream off said rneans. two outputted pluraBties of beanre becorne focus^ 
55 the sections, or in the sections and intervals between sections of said sectioned birefringent phase-delaying plate. 
¥»*wch results in such conversion of the polarization state of at least one phi^^ 
poiarizatioa that all the tight beans passed through said phase<lelaying pola^^ 
the energy transferred by them beconrw practically equal to the energy of the non-pol^^ 
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izer. 

[0027] lnthepolanzeraccorefingtoUSPatentNa3 522 985.tt^ 
ing nroans and rnearis for changing polarizat^ 

nents of the non-polanzed Bghl incktent on the pdarizer. are implemented o* pdyethyleneterephftalate, or a similar 
5 polymer, molecularty oriented in a pre<Jeterminedcfirection. 

[0028] Disadv^Ttages of the polarizer accorefing to US Patent 3 522 985 is a 1^ 
ization. caused by the following: 

• the capat>tGty to polarize only the portk)nol the incident tight rays tfiat is p^^ 
10 • useofthemoleculariyK)rientedpolyethyleneterephthalatoandtheGkemate^ 

[0029] Also knovvn is a polarizer accorcfing to US Patent 5 566 367 (1996), comprising a means for converting the 
incoming non-polarized tight into a plurality of identical tight beams, a polarizing means for cfividing the noni)olarized 
light beams into the polarized passing and reflected Hght beams having cfifferent polarizations a means for changing 

75 polarization of the fight beams reflected from the polarizing means, and a reflecting means, which means cfirects the 
light beams outputted from the polarizer along essentially the san^ 
566 367] a means cfividing the nooixtoized light beanre into the pol^^ 
ctifferert poteizations. includes a pair dielectric surfaces ananged at essenM 
(at the angles approaching the Brewster an^e), and a means for chan^ng potoizalion i 

20 tioned between said surfaces. In this polarizer, a reflecting means includes a pair of dielectric surfaces arranged at 
essentiatiy inctined angles to the fight beams' axis (at the an^ greater than the full internal reflection ^e). This 
known polarizer has an high energy coefficiert of converting the noni)^ i.e. pradicaiy 

aO the energy of the noni)olarizedBgW is converted into the outputted polarized 1^ this polarizer also has a compar- 
atively flat design. 

25 [0030] The major (fisadvantages of the polarizer accoicfing to [US Patent 5 566 3^ 
mentioned pol£tfizers. is a relatively low polarization elTicienc^ 
certain cases - a difficult manufacture thereof. 

[0031] As mentioned eariier. the etovennentioried polarizers can be used in various 
tioa in particula- for mvtufacture of liquid-crystal indkating (LCQ elements. 
30 [0032] Themosttypic^LCIelemernisadeviceimplenientedasaflatdishfM 

irternal surfaces of which plates ^ied are etectrodes of an optically transpa^ eg-tindtaodde. 
Bectrodetearing surfaces of said plates are subiected to a special treatmem pr^^ 

ous orientation of the LC molecules at the plates* surfaces^ in the LC film volume fan case of the homogeneous ori- 
entation, big axes of the tiqiMt-crystal nfK)lecules eA the plates* surface are arraiged in parallel to the orientation 

35 (firections. which directions £rausu^ selected to be nriuti^perpenc^^ 
LC forming a layer 5-20 mem thidt. beffig an active mecfium and chaig^ 
tion angle) when a voltage is appBed thereto A change of the op*icd properttes i^ 
usually glued on the external surfaces of a dish [LK. Vistin, JHCA. 1983. vol. XXVII. iss. 2, pi 141-148]. 
VmSH Further, thecfisplayportfons. across electrodes of which portions a voft^ 

40 ^spear to be of a Bg^ region, whte the cBsptay portions under a voltage appear to be ^ 
linage, the LC etemert conprises an adtfitional special layer, dyed w^ 
in the fonn of pattern elements (character-synthesizing and game 
RGB or CMY types (matrix screens) that provide an appropriate dyeing of the UgW pass^ 
[0034] The polarizers presently used, based on the polyvinyl ^coholfilrn^ 

45 have a low inechanical strength, €tfKf for this reason require special ineasures for ^ 

ages, which measures make LC-devices nwre complicated and expensive. A conventional polarizer based on PVA is a 
complex system corrprising as nuch as 10 layers: 



50 



1. protective f am 


6. actiesive layer 


2. a weak adhesive 


7. secorxl support film 


3. first support f^ 


&anactiesive 


4. an adfiestve layer 


9. stficon layer 


5. polarizing fim 


10. substrate f3m 
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[0035] VVhenaporarizerisglued.asflk»nizedfimisre^^ 

the protective fHm having a ghie (layers 1 and 2) is removed and can t>e replaced with a protective glass. 

[0036] As the result, after a LCI elentem is assernbled. it represents a device consisti It 

should be noted that a darnage to even orie layers of a polarizer renders it unsui^ 

(A.E. Perregaux. SPE. VW. 307. pi 70-751. 

[0037] One the method for protecting polarizers against mechanical damages is their placement inside a c6sh. For 
this purpose, after the c6sh plates are manufactured aid transparent electrodes are applied, a solution of a polymer, 
e.g. polyvnylakxihol, that can comprise iodine or dk:hroic dye, is applM plates. Then the polymer solution is 

subjected to a shearmg force, using, for a exarriple. a doctor 

the linear polymer molecules ^e arranged along the blade movement After a so^^ is removed, the so formed ori- 
ented PVA film, comprisbig iodine or a cfichroic dye, can see both as a polarizer and a LC orientant Then the dish is 
assembled, faied with LC and sealed. The so made polarizer now is inside a cell and thus protected against external 
mechanical effects [US Patent No. 3 941 901 (1976)]. 
[0038] E)rawt>acfcs of said device are as folfows: 

a) A low thenreri stabifity caused by use, for rnanufacture of such polimerizer. of p^ 
ymers, ond iocSne - for dying; 

b) Use of w ioc£ne polymer film for dyeing, which results an a lesser con^ 
tion. wfvch sfKXiens the service life of such device. 

[0039] More thermally stable and having an higher contrast is a known device [Application for RF patent Na 
961 07430, B.L Na 21 (1 998), p. 84-85]. wherem as the polarizers used is a thin film of the molecularly-oriented layer of 
a cfichroic dye capable of forrring a stable lyolropic Bquid^^ 
as a polarizer and an array for homogeneous orientation d LC. 

[0040] A LC ceH is assembled, in the standard way. of the so made plates, a filled with a required liquid crystal and 
sealed. 

[0041] An usual cfraMback of the devices ol such type is a low brightness and an insuffic^ 
produced knaga One of the reasons of such draMit)ack is use of cfichroic 
visWe speclaim figW, arxJ use of the dyes additionally absorbing a portion of ^ 
saturation, in tfe case, a greater brighbiess of a light source is neecled. whi^ 

consunnption by a dteplay. An increased energy consurrYition results in losses of the LC displays' advoitages as the 
energy-saving clevk^es as comp^ed with alternative devices for 

Summary of ttie Invention 

PXM2] The objective of the invention is to provide polarizers of various types providnaw^ 
Ngh poltfizaiion characteristics in a wide spec;trum region. 

[0043] The other objective of the invention consists in provicfing on the basis of said polari^ 
ing (LCQ elenient having m higher brightness ml cofour saturation of mi image. 
[0044] The set objective is to be attained by using, in rnanufocture of a polarizer 
at left one birefringent wiisotropically cteoftMng layer hm 
wavelength increases. 

[0045] Ttie dtetinguishing features of the invention is al least one birefringema^^ 

at least one refraction index growing as the polarized light wavelength 

abnormal dispersion resufting in a significam growth of value of at least one refractiOT 

significant growth of the birefringence value which can greatly exceed the sirn^ 

prototype (0.2) and reach 0.7-0.8 for the birefringent anisolropically absorbing layer in the claimed polarizer. 

[0046] At lest one birefringent anisotropically absorbing layer according to the invention has at least one refraction 

index cfirectty proroptional with the polarized wavelength. 

[0047] Use of such birefringent layer allows to manufactiffe polarizers of various types, inducfing those of the 

<< interference type )>. cfichroic polariz ers and polarizers using over 50% of the energy of ^ 

[0048] One of the essential features of the claimed polarizer of the < (interference type)) is ^ least one birefringent 

layer having a thicfoiess wftereby the niterference extrernum is real^ 

polarized Bgm corriponent Tbdmss of the birefringem layer is sele^ 

for rnanufacture of the 1^. Owing to such great v^ of birefringence, the necessary ni^^ 

cfirninished as coftipared vMth tfie krwwn pc>larizer5. 

[0049] Furthennore. the dependefK» of the conditions to obtain the interference exrerna(rnaxim^ 

on the tight wavelength is sign^icantty lowered and. in the preferred embodiment is completely e&minated. which pro- 
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vides high polarizatm characteristics d 

[0050] Use of at least one Ixrefringent anisotropicaBy absortxng layer though causing slight losses of Hght in a polar- 
izer of the ((interference type)), but these tosses are fittle. particularly in the lay^ 

achieved resiA- provision of high polarization ch^acteristk^ in a wide spectrum region when as Ifttle as 10 layers are 
5 used -conpensates for these losses. 

[0051] Here and hereinafter the notions of ligW and optical (polarizer) rnean^ 

nearer ultraviolet and nearer infrared ranges of wavelerigthes, Le. the range from 250-300 nm to 1000-2000 nm (from 
0.25-0.3 to 1-2 mcms). 

[0052] Here and hereinafter the notion of the flat layer is cited exdusfvely for ready u^ 
10 generafity, also me^ is a polarizer having layers of different shapes: cyUndric^, spherical and other more conrplex 
shapes. Further, the proposed polarizer of the ((interference type)) can t>e errtxxfied as Mh conslruclionally single 
and isolated, and as applied onto various substrates or between substrates. 

[0053] Bo-efringent layers are referred to tf>e layers having at least two different refraction incfices: the extraordinary 
r^ for one inearlyiwiarized ighl componert. and the orcBna^ 

15 ponent Value Of An=n^-n^^ is referred to as the r^raction index anisotropy. or siirply the optical anisot^ 
hereirtafter it is assunried tfiat the optical axes to wfiich axes correspoTKJ the ex^ 
ces are orthogofial and disposed in the layer plarie. The opticjri axis, to which the exlraordi^^ 
responds, is emphasized in tfvs or ctfier manner. For example, this axis can be the drawing ejection of a polymer 
material layer, or a director in an oriented nematic Kquid crystal. Such birefringent layer in the sense of crystal optics 

20 correspoTKls to opticany uniaxial plate cut out in parallel to tfie main axis. Htf^ 
ered are optically positive birefringent layers, wherein Oe > Oo- Without loss 
to the optically negative bir^ringent layers, wherek) ne < rv. 

P)054] In a more general case, for exannple for the optically biaxiat layers, there are three (fifferent refraction incfices 
nx = ne. ny = n^,,nj. Refraction index n^ corresponds to the Erection of oscilations in the light wav^ 
25 paraBel to the layer plane and directed along the enphasized in some rnann 
spends to direction Y of oscilalions in the li^ wave, also parane! to the 

n, correspond s to cfirection 2 of osdOations in the tight wave, perpencScular to the layer ptote Depending on the 
method for manufacturing fte bir^ngert layers and the type o# the used rnateriate, ratio or refraction Wic« 
can be different 

30 [0065] At least one birefringertaiisolropically absorbing layer in the proposed pote^^ 
as three refraction incfices thai grow as the po^rized igm wavelength ira 

[0056] The most pr^erdble is use of a polarizer of the ((interference type)) according to the invention, wherein at 

least one birefringent anisotropicaly absorbing layer has at least one retraction into 

polarized tigW wavelength. For instance, if in formed 2dn^ = mX , where d is 
35 cally absortwig layer, m is ttie krterference order corresponding to the interference maximum conditiorv the extracxdl- 

nary index wil be cfirectly proportional to the tight wavelengtK i.a n^ = AX (where A is the proportionality 

co^fictenQ, then the wavelength ((shortens)), wfnch means thai the concfition of the interference maximum in this 

case is satisfied for an wavelengthes. fifftherrTKire, for aU oicters of the interfer 

the sanrie material has arwtherthiclq>ess,irxleperxience from Bghtvvav^ 
40 ference mirttmum ooncfitiort The (firect proportionality erf tf>e refraction index to the figfit wavelength is a more strict 

reqwrernent (condition) thw simpfe growth of the refraction inctex as the polarize 

[0057] Accofrfng to the mvention, a polarizer of the ((interference type)) is preferably 

birefrin^ntatisotropicg^dteorbtng layer has the rnaxirnalva^ 

1 .9. Thereby the necessary nunnber of layers does not exceed 10, and the spectrum region having high polarization 
45 characteristics widerre wore ttian three times as compared with the protodypa 

[0058] The carrieckxit experiments and assessments have demonstrated that also preferable is a polarizer wherein 
at least one birefringent anisotnspically absorbing layer would have the maxi^ 
in the operating wavelength range. 

[0059] The optimal is a polarizer of the ((inlerferencetype)). wherein thictoiesses of the birefringent anisolropicaHy 
so Absorbing layers are selected such that to obtain at output of a polarizer t^ 

ized figfit component and, simultaneously, the interference maximum for other orthogonal lineariyiX>Uffized tight com- 
ponent 

[00601 Actually, thepecularity of the birefringert layers istherrierefact of existent 
of their values, refraction indices, for instance, nx and n,, corresponcfing to 
55 Owing to this tact, the layer thiclaiess and the interference order (m number) ca^ 
polarizer win be obtained the interference minimum for one linearlyix^ 

ference naximum for the other orthogonal Bnearty-polarized tight component The interference mirwmum can corre- 
spond to the ordinary refraction index, whereby the interference maximum woidd be detemrtined, accordingly, by the 
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ortraoitfinary refractk)n index. 

to the extraorcfinary refraction index, whereby the interference maximum wQI be determined, aocordingty, by the ordi- 
nary refracticn index. 

[0061] Also prefer^ is a polarizer of the ((interference type)), conpristfig^l^ 
5 d them is the birefringentanisotropically absorbing layer, and th^ 

refraction index coincides with, or is maximally proximate to one of the birefrhgent layer incfices. The (fifference 
between the other birdringert layer refraction index and the refra^ 
and reaches 0.7-0.8. 

[0062] In this version, one BneartyiX)larizedcorTponentctf the widdemnon-^^ 
10 responds the extraorcfinary (greater) refraction index of the birefringent anisc^ropicaay absort)ing layer, is essentially 
reflected from a rniti-teyer polarizer owing to the diffw When 
thicknesses of layers and their refraction indices are appropriately selected, the optical travel cfifference between the 
waves reflected from boundaries of the same birefringem antsctropically ^b^^ 

lengthes. L a the resiit cf their interference vnll be the interference maximum result^ in mutual intensification of the 
15 reflected waves. Thereby the optica thicknesses of the optically isotropic material layers can be both significantly 

greater tfen a wavelength, and be of wavelength order. As the result. reH^^ 

ized conrponeni to whkrfi conporient tfie extraortfinary (greater) re*^^ 

ing lexers corresponds, is intensified significantly 

[00631 The orcfinary(sniall)reffac1k)n index of birefringent arttsotropk^ 
20 approaches tfie opti^lly isotropic layer refraction irxJex. i. e. there is no cfiffererx^e (abrupt cfianges) of refraction irvfces 

at the Iters' boundaries. Thus the other linearty-polarized corrponent of the inc^ 

ponerrt the ordi nsey (small) refraction index of birefringent anisolropical ly absorbing layer corresponds, passes through 
a muiti4ayer pola^ conrpletely. without any reflections. 

PX)64] The other verskw of the "inventfon is a polarizer of the ((interference type)), a 
25 birefringert layers, of which a* leas* one is a birefringent aifeotro^ 
coinckles with, or is rnaxirrally proxinriate to one of the birefra^^ 
the bb^efringert layer and the birefringert »iisolropk»lly dbso^ 
the second indices being over 0.2. 

IP065] The interference result to a great extern influenced ky the raltooltfitensi^ 
30 fieWs Of the interfering It is known that the mtftimal intensity v^ue^ 

theory) cot be obtained in the case <rf their equality Therefore, it is reason^ to provide the maximum attatnabfe 

equ^zation of »TY)litudes cl the interferbig rays for the brt 

( (blanking >) of rays of the corresponcfing corrponem of the polarized 

for the interference maximum condftfons, the reflectk)n coefficients from each of the layers' boundstfies must t>e 
35 increased. 

P)066] Selection of techric^ for nrianufacture of a polarizer accorc^ to the i^ 

rials used for birefringent anisotropk:ally absorbing layers and other layers, and is not important the essence of the 
invention. 

[00671 The characteristx; featiffe of the inventfon is the fact that at feast one brefringent anisotroprcally absort)ing 
40 teyer can be formed: 

• of at least one organfosatt of a dfofroicaruonfo dye having general fornwfe 

{Chnmiogene}- (XOir)m where Chromogene is adyechromophoresystem; X = CO, SO2. OSO2, OPCXOM*); 
M = RRt4H2; RFTRiaH; RFrR"R*N; RR-R"*?. when R. R*. R", R* = CH3. CIC2H4.. CgHs, C3H7, C4H9, CgHsCHa, 
45 subsituted phenyl or heteroaryl; YhHCHa-CHg^lm-CHg-CHa. Y =0, or NH, m=0^; N-alkylpyridinium cation, N- 
alkyk^hinolinium cation, N-dt^mriidazolintum cation, t^alkytthiazolirttim) catkxi. eto.; n 1-7; 

• or of at least one asyrnrnetricrnixed salt of a dichroic anionic dye with d^ 



(M,^0-X'-)„rM/07CMCHJ)p-Z-^{Ch^omogene}[.ZHCHJVXO-^^ 



wherei 

Ctmniogene is a dye chromore system: Z =Sp2NH. SO2. CONH. CO. O. S. NH. CHg; p = 1 -10; f = 0-9; g = 0-9; 
n = 0^, m == 0-9, rnf == 1-10: = 1-10; X, X* = CO. SO2. <DSC>2, PO(OrM*); M 9t M^M, Mi = H; no^ 
of thefoHowmgtype: NH4, Li. Ma. K. Cs, Mg, Ca. Ba. Fe. Mi, Co. eto.; organic cation of the following type: RHN3. 
RRWH2. RRTTTIH; RR-R" R*N; RR-R^R^P, where R.R. R". R* = ^kyl or substituted all^ of the folkawing type: CH3 
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aCzHj. HOC2H4. C2H5. C3H7. C4H9. CeHgCHz. substituted phen/l or heteroaryl, YJHCHz-CHzYV-CHzCHg-, Y = 
O. or NH, k = 0-10; heteroaromatic cation of the following type N-alkylpyridinium. N^kytehinofinium. N:alkyfimida- 
zdinkim, N-aH^fttvazoGnium etc.; 

• or of at least one associate of a (£chrok:areonk: dye with surface-active ca^ 
eral formula (IV): 

jivrOY-LIlvrO-XMCH2)p-Z-lg {Chromagene^i;Z-(CH2)p-XO-SinRlr {XO SUR)^ , 
wtiere 

Chfomogene is a dye chromophore system; Z=S02NH. SO2. CONH. CO. O. S. NH. CHg; p 1 - 10; ft= 0-4; g =0- 
9; n = 04, m = 0-9. m< = 1-4; img = 0-10; X, X* = CO, SOg. OSOg, POCO M*); M H; norvorganic cation of the 
folfoMring type: m^, Li, Na. K. Cs, Mg. Ca, Ba. Fe, Ni. Ca etc.; organk: cation of the foOowing type: RHN3. RRTIHg, 
RR*R"NH; RffR"R*N; RRTTR^P. where ^R*. R", R* = alkyi or substituted alkyi of the foltowing type: CH3 QCsK*. 
HOC2H4. C2H5 - C10H21, CeHsCHa. substituted phenyl or h^eroaryl. YVHCHa-CHgYK-CHgCHg-, Y = O, or NH, k 
= 0-10; heteroatom^ catfon of the foltowing type N-afcylpyrkfinium. N-alkylchinolinium, rf^MmklazoBnium, N- 
alkyttNazolinium, etc.; ICSUR*. SUR = KSUR*^. ICSUR*^, AmSUR, where: KSUR* and ICSUR* are surface-active 
cations, AmSU R is amphoterk: surfactant; 

• or of at least one associate of a dkhrckc cationk; dye with a surface-active anfon aid/or an amphoteric surface- 
active dye of general formula (V): 

{irO-X-)„ m*OTC<CH^'Z-]^ {Chromogene*} SUR, where Chromogene is a dye chromophore system; Z 
=SO^H, SQz, CONK CO, O, S, NH, CHg; p = 1-10; g = 0-1; m = 0-1; nHg=1; X = CO. SOg, OSOg, PO(Otr); M 
= H; non-organfo cation of the foltowmg type: NH4. U Ha, K, Ce, Mg. Ca, Ba. Fe. Ni. Ca etc.: or^nk; catfon of the 
foltowing type: RNH3 RR*NH2; RR*R*TIH; RR'R"R*N; RR'R"R*P, where R. R', R", R* = alkyl or substituted dkyi of 
the foltowing type: CH3. CIC2H4, HOC2H4. CgHg - C10H21, CeHgCHg. substituted phenyl or heteroaryl, YH^CHg- 
CHgYK-CHgCIH^, Y =: O. or NH k = 6-10; hrteroaromatfc cation of the 

nolinium, N-alkyfirnktezofinium. hi-alkytlhiazdtfmim, e«c; KSUR*^ (surface-active catfon). SUR = ASUR". AmSUa 
where: ASURT is surface active cation, AmSUR is amphoteric surfactant; 

• oraAleastof one associate of a cfichrofocationfo dye with a surface-active catfon andA^ 
general formula (VI) 

(ChronrwgeneHZ-ff^yp - X* RR*R" SURU where Chro^^ 

SQg. CONH, CO, O, S, NH, CHg; p = 1-10; X = N, P; R, IT. R" = alkyl or substituted alkyl of the foBowing type: CH3, 
aCzH*. HOC2H4. C2H5. C3H7, SUR =ASUR-, AmSUR, where: ASUR" is a surface^tive anfon. AmSUR is an 
anphoteric surfactant; n = 1-4; 

• orofalteastonewater-insolubtecfichrofodyeandtorapigmertthat<fonolconto 

• or<rfalleastonek)w-rnolecularthermolropfcBqi^d-crystal 

ponent, a fiqiud-crystal andfor a dfohrofo dye other than tiquki-crystal dye and vitr^ed in this or other manner, for 
exampfo after appfic^fon of a layer by curing using ultravfolet rac^^ 

• or of at least ori polymer materia other than fitMd^fys*^ 
a cfichrofo dye »id/br an focfine oonrpounds; 

• or of at least one polymer ttiermoptrop fo Bquk^crystrf £wVor non-fiquW cryst^ substvice comprising solved in 
mass andtorchernkalty bonded with a polynrwr chain (fichrofc dyes, a^ mem; 

• oralteastofonedk*irocdyec^?^offDnmingatyolrop^ 
0.1 mem; 

• or at least <rf one dkrfwofo dye of the polyrnerstnjcture, and having tr^ mem; 

• oratleastcfonewater-solubteorganfodyec^jabteofforrningastablelyolrop^ 

mula (Chromogene} ^QsNQn. where Chromogene is a dye chromophore system: M - H*. a norK)rganfo cation: 
and having thfokness not less than 0.1 mem; 

• oroftheir mixeSw 

[P068] Afteasf one dkrfvofoaTkxifo dye of general fonnulas(ll-IV)ca^ 

• dyesc^)abteofforrningastabtelyotropfolk;ufo-crystalp^^ 

ackis of derivatives of ^mmetric diphenykfmnkJes and dfoenzimkSazoles of naphlhaIene-1 ,4.5,8-, periiene- and 
antatfvon&^,4,9,10-tetracart>GKylfo ackis, direct yeUcw lightfast O [4], etc; 

• direct dyes, e.g. benzopurpurene 48 (CI. 448). CI. <firect orange 26. CI. direct red 48 or 51 . CI. direct vfolet 88, 
C.L direct blue 19. etc.; 

• active dyes (Iriazinfo. vinytsulfonfo or Protfons T). for exanple. C I . active red 1 . C I. active yeltow 1 . C. I . active blue 
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4, elc.; 

• add cfyes, for exanrfjle various derivatives of bromaminlc add. add bngfrt-red anthraquinonic N8S, bright-blue 
anthraqtmionic (CI. 615^. add green anthraquinorec f^S (C.i. 615890). add bright-green anthraquinonic mzh, 
CI. add red 138. CI. add yeOovv 135. CL. add red 87. CI., add blade 1. etc. 

• of the series of suHb-adds of polycycBc dyes. ag. asynwnetric phenyfinudes and benzimidazoles of naphthalene- 
1 .4.5.8-. perBene- and antathrone-3.4.9.10-t^racartxxxylic adds, disuifo-adds of derivatives of indiga Ihioindigo a 
diinacrydone [Application for RF patent 951 17403 Bl N26(1997). p. 239] and other suHonadds based on the vat 
dyes and pigments. 

[0069] At least one dichroiccalionk: dye of general fomiulas(V-VOc^ 

• luminescent dyes; pdemethoiic (cyanmic hemicyaninic etc.) dyes; arylcart)onic dyes; heterocyclic derivatives of di- 
arvi trlarylphenyfanethanes. thiopyranerac. pyroninic acridtnic. oxaztnic. tfiiazinic xanthenic, azinic, etc. dyes. 

[0070] At least one dichroic dye mifar pigment not cental rang ionogenic or hydrophflic groups can be selected from 
tfie following: 

• vat dyes; cfispersion dyes; anthraquinorec dyes; incBgoid dyes; azo-compounds; perinonic dyes; pdycydic com- 
pounds; heterocycfic derivatives of anthrone; metal complex compounds; aromatic heterocyclic compounds: lumi- 
nescent dyeSv 

[0071] For the pwpose to provkle necessary physical-nf)echanical.adhes^ 

at least one bireffringent anisolropicdiy absorbing layer of a polarizer, besides the dbove-mentioned dyes can further 

coriprise a nfKxfifier. ki capacity of wfwch nwd^ 

indw&ig fiqiwd-crystal and hydrophcbk; polyiT)^ 

plastictzers aid varnishes, indusive of stlicor><xganic varnishes, a^ 

[0072] Use of a mocfifier also altows to decrease Bght scattering, which fepossl^ 

in a birefringent anisotropicaRy absorbing layer. 

[0073] The ^bowe<fecussed versions do not linmt the possibHrty of using 

sotropically absorbing layers for the proposed polarizer. 

[0074] A birefroigerrtawitropicdly Absorbingly in the proposed pol^ 

[0075] It shouM be noted that the Above^nentioned materials can be used for fonning a bi^ 

absorbing layer for maiutacturing not only a polarizer o# the {<irter^ but also for the betow^laimed and 

based on other physical phenornena polarizers LCI elernents based Ihereon. 

[0076] For rnanufecture of the proposed polarizer, aqueous, water-organic and organic sol^^ 

(ll-VQ that can be prepv ed by a gradual kicrease of coTK^enlFation of the 

brane ultra»tration). or by soMng the (fry dyes in a relei^ solvent (wa^ 

solvenis of DMFA or DMSO types, cellosolves. ethylacelate and othw 

centration. 

[0077] Depending on the technique used for fonriiing a layer, dye sohJtion^ 
IP078] V»^themethodaccortfeigto[USP&tertraa2544659(1951)]isused,rt 
rubbed h the required (Erection surface of a substrate the nme dluted sdi^^ 
fomned without prelirnin^ rubbing of a substrate using the mechOTical orie^ 
cation PCT WO 94/28073(1994). nrme concentrated dye solutions, in^ 
uid-crystal phase, are used. 

[0079] The mechanical ordering of stable LLC compositioned basing on dyes (ll-VI) can be done by action of the 
forces causing the tension strati on meniscus created in time of the wedging-out detachment of one surface from the 
other, b^ween wNdi surfaces a LLC layer is cfistrtouted. or in time when a sheari 
sinnuttaneously with appRcalion of LLC on the substrate surface. 

[0080] Orienting of LLC of the substrate surface under a shearing force can be executed when LLC is appi ied using 

a die or doctor blade; the latter can of the blade or cylincfrical type. 

[0081] Dye solutior)s(ll-VO can tothercontam. besides the water-nvscfo^ 

factaits. binders and ftorv4oiTTiing reagents. Old as suc^ 

lidone, polyacryfic add &id its esthers. polyacrylamide. polyethylene oxide and polyethylene glycols, polypropylene 
glycol and tt)0rcopolynr)ers.ethyfic and oxypropyliceste^ elc. Fur- 

ther, to improve the stabSity, the dye solutions can comprise hyeirotropicadd^ dmetf^- 
fonnamide. ^kylamides of phosphoric add. caibamide and its N^substituted derivatives. M-alky^3yrroWone, 
(ficyanamide. and also their rnixti^es and mixtures of anriides ^ 
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[9082] Dyes (ll-VO can be also ised for fomingbiref^^ 

norhorganic sate of (fichrok; anionk; dyes 

[0OB3] ToprDckJC8thedyes'eolutk)ns(llTVQ,anun^ 

[0084] One technique consists in a sequential ^ep^wise neutralization of d9uted solutions of appropriate cartxxcylic, 
5 phosphonicackte or sulfo-acitls of (fichroic anionic 

used: metal hydroxides, afiphatic or heterocydic amines or hydroxides of tetra-sitetituted cations of ammonium. The 
used adds of dyes are deared t>eforehand from mineral s^ for example they are washed by hyc^ochloric add. with 
subsequent drying at lOO^C. 

[0085] The other technique consists in heating of sokitionsariwnonium sate of dk^ 
10 lated quantity of the relevant base at the teniperature not over 60^. where^ 

^)propriate nixed salt is formed, wherein one of the cations vviil be the ammonium cation. Also can be used oniinary 
reactions of cation exchange using the ion-exchange resins or the membrane technology. 
[0086] The third universal technique, suitable for preparing asymniet^ 

ions, consists in exchange of various ions udng the nr)ent)rane techno^ allow to 

15 purify the dkivoic dye sokJtiors. 

[0087] To obtain associates of dichroic dyes comprising ionogenic groips, or their ntixes with at least one mole of 
surface-active ions, or their nixes, a nunri}er of techniq^ 

[9068] One of the techniques consists in neutrafization of the diuted solutions of t^ 
roic anioric dyes usirig aiphatic or heterocydic anmies or hydroxides of t^^^ 
20 as one Of substituents. a hydrocartMn radical with 8-10 cart)on atoms. The us^ 
mineral s^ for exanpte they are washed using hydrochloric add wi^ 
P089] The other tedvique consists ffi heating of solutions of aminonium sate of dich^ 
vam surfoce^ctive bases, at the tenperature not over 6(K;. whereat the relea^ 
ate associate is forrned. Also can be used orc£nary reactions of cation exchange udng the io^ 

25 membrane technology. 

[0090] The third method suitable to obtain associates of any dk*iroicdye^ 
tures with at least one nwte of the surface-active ions, or their mixes, con^ 

tee-active ions. The exch^ige can be done using the membrane technology techniques, which also aOow 
simultaneous puriication of associate solutions of dk;hroic dyes comprising 'lonoQenk: groups, or their nixes with at 
30 least one mole Of suface^tctive ions, or their rnixes. from undesired non-organ^ 

conplexones, for exannple trytone B or < <crown-€«hers ) ) of cfifferent types into a sol^^ 

purtficatioa^lows to dMnatenriutti-valem cations (Ca. Cu. Al. which also can be a cause of formation of nricro- 
partides snd asedtment 

[9091] (^fferertt techniques can be used for forming a polarizing coating from a mter-insolLisle cfichroc dye and/or 
35 pignfiert not contai n ing ionogenic or hydropWic groups, or their rn^ 
orgaric sotventSw 

[9092] Thus, fonnation erf polarizing coatings on the basis of the vat dyes, anthraquino^ 
polycydoqiAnonicconrpounds can be essentially carried out by the following methods: 

40 • Application on the substrate surface, with sinrwltaneous Orienting act^ 

sulfuric add ethers of the reduced foroK of said dyes (of the vatsoles type), whi^ 
crystel slata Thus fonned oriented layer of sulhjrb add ethers is further su^ 
the oriented layer 0* the dye that is already the water-tnsoluble one is foni^ 

• Appfication on the substrate surface, with siiTiultaneous orienting action, of 1^ 
45 leuco-compounds type) in the form of solutions of various sate (norHxgww 

the lyotropic liquidHcrystal state. Thus fonned layer is further subjeded to chemical or electrochemical oddation, 
vvheieby a layer of a dye that already is water-insotuble is for^ 

• To produce a polarizirigcoatirig on the basis of the water-insoluble synrnetric and asyn^^ 

nyldiinides aid cfibenzimidazoles of 3.4.9.10 - perilenetetracaiboxyfic add (PTC/^. the awxopriate derivarives of 
50 1 .1' -bln^)hthyM,4\5,5'.8.8*-hexacartX3Dcy6c add (BHCA) in the form of solutions of non-organic and organic sate, 
which can also exist in the lyolnjpic Bquid-crystal slate, c^ 

ing treatment or in the UF-radiation. derivatives of BHCA are cyded. forming the oriented layer of derivatives c< 
PTCA. 

• Further technique also suitable tor fornring the polarizing coatings on t^ 

55 on the substrate surface, with simultaneous orienting action of lyotropic liquid-crystal solutions of (fichroic 
and/br pigrnents in sulfuric add or oleum of various concentr^ions. Fbrrnatm 
trf«s place in subsequent careW dilution of the add by water, which (filuti^ 
created over the layer. 
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[0093] Formation of the birefringerrt layer on the ajbstrate surface under action of a shearing force can be mr^Jte- 

mented by applying the solulfons using a <fe or doctor Ijiade 

[0094] lnforningabirefringertlayer:nragnetic.electromagnelicandd 

when the appicatkm perkid is not limited, can be utiized, or for 

used. 

[0095] To obtain a birefringert layer on the basis of metal corrplex dyes, dyes can be m 

strata surface. For this purpose, on the substrate prelimireffy applied is (e.g. by the directed deposition) the oriented 
layer of metal ooddes, whereafter the surface is treated by solution of an approp 

ers of water-insoluble metal complex dyes, espedally suitable for m^nifacturing the ffiterference type of the daimed 
polarizer, can be produced. 

[0096] A more untversal technique for obtaining a bireffringert layer on the basis of the w^ 
andfor pignfienis consists in preparation ol special output forms obtain 

metric particles not larger than 0.5 mem. and having the length-cfiameter ratio not less than 20. Forstabiizationof such 
output fornris used are various surfactants. On the basis of the so produced output forn^ 

trated (content of a dichroic dye andfor pigment or thei r mixes, being r)ot less than 1 0%) systenrs i n cfifferent solvents, 
including water, in nK)nofner5 or rnetts of potyniiers^ 

state When such highty<oncentrated systems are applied to the substrate swface^ 

with subsequent relevant treatment, produced is a birefiringent arvsotropically absorbing 1^. In case the solvent 
is removed (tyy evaporation or dilution with subsequent washing), formed is a poteirizing coating consisting mainly of a 
<fichroic dye and/br pignrient In the case a rnononrier a a nri^ 
are formed. 

[0097] The ^3plicationrnelhod selection is deterrnined also by the type of a subst^ 

ical or cylindrical, trvisparem or reflecting surface of an organic or noTHxganic gl^ 

sernconckictor layer. sTicon plates bearing the deposfted alumira 

[0098] To form birefringertanisotropicalty absorbing layers, the foHowi^ 

by roller, doctor blade in the fonn of a rotating cyfinder, appfication with a s» 

tfd ec^iprnem for ^jplying various coatings cai be used, for exarr^ 

equipnnent of various types, inclusive of flexo^raphy units. 

[P0991 fo certain cases, after application the appKed layer is dried so that solvents wai be el^ 

for example for the thernicplastic polynier rnaterials an^ 

IPIOO] Other meihods that can be used for obtaining birelringertanisofropi^ 

fonn the fiqudHxystsri phase hi the course of their application consist in ^iplication of such material according to US 

Palert 1^ 2 524 286 on the substrate prepared beforehand iDr orienting the Bq^ 

niques is the unirfirectional mbbing of a substrate or a thffi polymer layer 

^ utilized fx orienting the thennotropic fowHnolecular liquid<7ys^ 

[0101] Another technique for obtaining birefringentaniscrtropically absorb 

orientation of l^.appied in this or other manner, by ffratfiatingtt^ ultraviolet li^ 

[0102] For ^jplication of bir^ringem anisotropic^ ^bsortwigl^ersfi^ 

can be used, including those having a number of flat dies sati Stowing to apply at one run several layers of cfifferent 
polymer materia of tt)e required tfuckness. 

[0103] The aboveKfiscussedrnaterials.nr)elhods of their preparation and techniques to 

fringentOTisotropica9yabsort)ing layers can dso be used in inariufactureol polarizers of other types arid LCI eleni^^ 
descrft)ed k>elow in tfie proposed invention. 

pn04] The proposed pol^izer of ttteinteference type can be ernboctied both in the combtf^ 

to <(reftectwn>> and <<transrnission)>. and tooperation only to ((reflection)). In these case the en^ 

is a polarizer comprising at least one light-reflecting layer. The light-reflecting layer can be a metallic one. Application 

of the f^-reflecting layer also permits to select the optimum, to the irterference. reflection factors from the polarizer 

txHindaries. 

[0105] In rnanufacturecf a polarizer, the first layer to belied onto a substrate can be both tt^ 

(a partially or completely reflectnig mirror), and a birefringent ar^sotropicatly ^jsortwig layer. 

[0106] The reflecting layer can be nade both of a nietal, and in ttiefomri of nriut^^ 

layers of materials having an high and low refraction indices. 

[0107] MetaOiccoalBigs are sufficienttysinrplyappBed. to example, by thermal 

such coatings, absorption of light takes place, which cfiminishes transmission (reflection) of a polarizer. To obtain the 
reflecting mete^ic coatings, aluminium (AQ. silver (Ag) and other metals can be used. 
(IM08] fo case of multi-layer cfielectric minors, there is no light absorption therein, but the 

is rather complex and arcfcious. T1O2. MgO, ZnS. ZnSe. Zipg. cryolite and polynr>ers as the materials having an high 
refraction index can be used to these coatings, and as the materids having a low refraction index ^ 



12 



EP0961138A1 

used: AI2P3. CaFz. BaFs MgFz AIN, BN. or potymers. 
[01091 For appricatk)nol the reflecting layer onto a sU^^ 

used, for exmple. thermal evaporation in vacuunv applica4k)n h pairs wrth subsequerrt thernrial tr© 
sputterinQ. 

5 [0110] As the substrate material whereon a polarizer operating for <<transtucency» and. possibly, for ((reflection)) 
can t>e appfied. any materials transparent in the operating wavelength range, can k>e used, for example quartz, glass, 
polymer and other. 

[0111] As the substrate rnaterial whereon a polarizer operating only for ((reflection)) ^ 
materials transparent in the operating wavelength range, for example quartz, glass, polymers, other any materials 
10 opaque in the operating wavelength range, for example metals, semiconductor materials, ^ass ceramic, plastics and 
other can be used- 

[0112] Use of said birefringent anisotropically absorbing layer having an unspecified thickness. i.e. the thickness 
whereat the interference extremum at output of polarizer at least for one Bneartytwlarized fight component is not real- 
ized, allows also to aeate a polarizer of the dtehroic type. 
IS [P1131 A bir^ngent anisotropically absorbing layer is the oriented in a certai 

layer, wherem planes of molecules and the dipole moments lying therein are homogeneously oriented relative to the 
direction which is detenrmed either by the surface aniso^ 

[0114] Principle of operation ol said polarizer is based on that the non-polarized fi^ in p 

partially absorbed by the dye chromophore system. Thereby passes only that portfon of the li^ waves wherein the 
20 electromagnetic fieW electric component osdtetions direction is perpereficular to the optical transition dpole moment 
(Fig. 4). 

[OII5] It shouM be noted that depencfing on the used dye. the daimed polarizer is c^peUe of pro^ 
not only in the visible portion of spectrum, but also in the UF-region, as weB as in the nearer IR-region. In case of use 
of dichrofo dyes having absorption only in the UF-region. the birefringent fcyer can be used as the phase-delaying by- 
25 ers. 

[0116] The essential (fistinguishing feature of a polarizer of the (&:hroictyp^ 
stance that at least one brefringent wiisotrDpically absorbing layer i^ 
(fichrok: dye and/br pigmem not conlaining ionogenic or hydrophSic gr^^ 
[0117] Use of said dyes aOows to: 

30 

• nnprove the polarization chaacteristics otJ m^ an hi^-efficient fauWess polarizer, which, b contrast to the 
known polarizer of application PCX WO 94/28073 (1994) has. ^)art from a tow conductivity, a controlled capacity 
for LC orientation; 

• nrtake a polarizer exhibiting, apart from good cfielectric properties.^ 

35 • broaden assortrnent Of the dyes suitable for rnanufacture of highly-^fici^ 

[0118] As distinct from the dyes used fx rnanulacture erf the polarizer known from a^ 

(1994). use of said dyes (ll-VI) ^ows to regulate the hycfrophobic-hycfropWic bdance in molecules of a dkrfifoic dye. 
wMch is c* a great tfT^aortaice for creating the lyolropic Bq^ 
40 bkMiydropf^ bal»ice is one of the condHions to aeate the over-molecular aggregates of such dye motecules, 
whereby when a certain coricentration ol such aggregates is reached, a sofeition transits ^ 
stata When a solution is appGed in the UjC state one the substrate surface, w^ 
fringent anisotropically absoibtfig lE^ can be formed, wherein planes of ^ 

terns and the optical transition dipole nnoments lying thereon are oriented relative to the direction that can be 
45 deternrined either by the surface anisotropy. or the action effected by rnagnetic ore! 
[0119] A particular strong inffoence effected upon the hydrophiEo-hydroph^ 

of the organic tons (dyes ll-VO used. Owing to this drcumstaice. stable tyotropic liquid-crystal phases can be 
obtained also for the dye solutions which in the form of non-organic, symrnetric salts or adds are not capabfo of fbr^^ 
the LLC phase. 

50 [0120] For example, as the result of condensation of dyes with a SURforrned are associates havw^ 

erties and the peculiarity to be aggregated with fornriation of rnk^ 

[0121] DepesTding on the number oliogenic groups, on the nriolar ratio and the ^ 

ecule of a dk*voic dye can be both the hydrophilic (polar) corrpo^ 

tion of a sua Thus, in the presence of two fonogenk: groups m a (fichroic dye rn^ 
55 with one rnole of the surface-active ion, fonned is a surface^ctive associate, whe^ 

associated with the dye rnolecula When a cfichrofo dye with one ionogenfc 

subjected to condensatioa there wffl be proctoced an associate, wherein the dye rnol^ 

portion. Befow win be given exannples of d^erent combinations of various types of dyes having different types of the 
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8uvte&^cth« k)ns and afftactants. As the res^ 
SUR properties and the peculiarity to aggregate wrt^ 

metric form. The dkrfvoic dye molecules can be ananged thereby both at the periphery, and inside aggregates or 
micelles. 

[0122] In case the dye molecules are arranged intemaHy, on the surface d the birefringent anisolropicaDy absorbing 

layer there wifl be located SUR hydrocarbon racficals which are a good 

ical slnjcture, the orienting capacity of PC can be rnocified, wtwrfi is iiT^^ 

[01231 The presence of the townnotion organic ions in the polariz^ 

in a tow conductivity, which in its turn lowers the energy consuri^ 

tal devices^ 

[01241 Surfece-active properties also provide a good wettabifity and adhesion of LLC compositions, after of applica- 
tion of which compositions on the substrate surface, after drying, produced are fauWess homogeneous PCs. having the 
thickness variety not exceedffig S%. 

(01251 Llsedassodalesolcfichroic dyes (IV-VO comprising ionogenic groups, a the^ 
<rf the sufface-activ© ions, or their mixes. aOows to control the hy^ 

cule. which is inportant lor creation of the lyolropic fiquid-crystal phasa Thus, creation of a certain hydrophobic- 
hydroph«c balance is one of the concfition tor ferming the cver-moieoiar ag^egates of such dye nx)leaies, whereby 
wfien said aggregates reach a certain concentration, the solution transits into tfie ordered Bquid-crystal state. 
[01261 One of the peculiarities c# the associales based on the dichroic dyes having the su^^ 
biTrty to toaease, owing to the soli±)8ization phenomenon, the solubility of the water-insoluble dyes in water and aque- 
ous^)rg»ttc rnedia. which diows to obtain a polarizer, wherein at lea^ 

adcfitionaHycontans a solubifizedcfichroic dye. Depending on the structure, the cfipolemonrient of the sotobffize^ 
optical transition can eithef coincide with the associated dye optical tra^ 

angtetherela This depends both on the surfacenactive ion structure, and rnol^ in an associate. 

[01271 Apart from its action effected upon the hydrophobic^TydropW 

particultf^. of a suriiactant effects a strong mfluence upon solubaity of associates in (£fferent solvents, which in its turn 
influences the size of a^egates and the process of formation of the LLC phase. 
[0128] Thus, variation off two factors. La the hydrophobic4v*opW 
dates containing tfie ionogenic gnxps, or nwxes ttiereof. with at least or^ 
ions, or their mi)ffis, anows to control both the fonration process a^ 

deyee ^depends. Bite turn, on tfiedboveKiescribedciTc un rtttance aid, hence, the polarization parameters of the 

PC Ibnned after a LLC Gomposftion is appeed on the substrate surface, with subseq^ 

[01291 Absence of ions in the birefringent oiisolropically absorbing layer on the bas^ 

dye axVor pigrnert not containing the ionogenic or hydrophSic groups, or rm 

erties of the daiiTied polarizer, which resite in lowering of the energy c^ 

liQuid-cryslal devices. 

[pri301 Useofthewater-insolubtedichroicdyesorpigrnenlsforfonrnationoJab^ 

layer, ^part from a low conductivity provides an twgh resistance to effects of moisture. Further, manufacture d the 
claimed polarizer does not require any ^nthesis of special dyes or pigrnents, far t^ 
pigments c^ be used. 

[01311 Useofthebirefriiigert»iisotfDpic^dbsofbinglayerton^ 
andtor pigment not contaraig the ionogenic or hydrophiffc 
tie and B^ttfast pctonxer: 

• wherein at least one birefringent anisotropicallygribsortwg layer is formed upw 
a fam or plate of orgarvc and non-or^nic materials; 

• wfttch, as the substrate, conprises a birefringent plate or film, at least one bir^ngent anisotropically absorbing 
l£^ being formed at angle of 45<> to the rnain optical axis of said plate o^ 

• wherein at least one bffefringentanisotropically absorbing layer conrprises at 1^ 
form, vvhich are cooplelely cWferert from one another in respect 0* colour and ^ 

• which further oorrprises at least one birefringent aiisotropicallyrfjsort)ingta^ 

of an imspeciied sh^ that are different from one another in respect of cofour and the p 

• which further corrprises^ljetween birefringent anisotropicaByabsort)in^ 
or dyed materia 

• which further corrprises the orienting layer fornried of nonK)rganicrnaleria^ 

• which further corrprises the light-reflecting layer; 

• wherein the light-reflecting layer is metaBic one 



14 



EP0961138A1 



[9132] For manufacturing a polarizer wherein at least one birefringent anisotrcjpicany Absorbing layer comprises at 
lea^ t«ro fragments of an unsfiedfied shape, whk;h are 
tk>n. the foBowing technic^e can l)e used: using a printwig 

the homogeneous polarization vector, applied is a pattern in the fomn of a water-insokAile varnish of the necessary 
Ibnn. After the varnish is hardened, the exposed layer is washed by an appropriate sol^ 

an orgaiic solvent). Then the other layer is again applied on the substrate, which layer is of a different colour and the 
polarization vector tftan the fixed t>irefringerit layer nade of said varnish. Then a layer of varnish of the necessary form 
is ^)plied once again, whereby the previous pattern remains ex^Xfsed, After hardening and subsequent washing, a 
polarizing pattern is produced, said pattern having portions of Afferent colo^ 
IP1331 Lteing<fifferent techniques of the multiHoner printing, multiK^^ 
to ((roll^to-roll)) tectviiqueL 

[0134] * Use of various glues instead of a varnish allows to manufacture a polarizer in the to 
fams. Application of a glue layer on a birefringent anisotropically dbsortwig layer in the form o# a paltera with subse- 
quent transfer of the birefringent anisotropically absort>ing layer on any surf^ 
incicatofs with the extenrial arrangement of powers, and for di^ 
diverse coloir effects, for example, n advertising. In case of man^ 
the reverse transfw techrwc^e is also possa)te: ^3p*ication of a gk^ 
application of a filin beoing tfte appKed thereon birefringent anisotrcfNcally at>^^ 
A birefringert anisotropically absorbffig kver con-esponding only t^ 
face to a required surface. 

pndSl Use of dyes (II-VI) mdJor water-insoluble dichroic dye andfor pigment not containing the ionogenic or 
hycfrophffic grotps, or mixes thereof, allows to realize the technique of layer-by^layer ^^pHcation of birefringent aniso- 
tropically dbsorbmg layers As a result, a polarizer consist!^ birefringent aniso- 
tropically ^t)sort)ing layers, each consistffig of several fragments of an unspecffied sihape fhsA can t>e different in respect 
of colour and tfie polarization vector direction, can t>e produced. 

(0136] The next layer d the sanrie dye or of other one can be applied drectfy on the previous la^ 
(fiate layer of a transparent material, which can t>e either colourtess or dyed. Thereby the next layer polarization vector 
d^ection can be varied in an unspecified mamer relative to the direction of axes of polarization of tfte previous layer. 
[0137] When the polarized fight plane is rotated in a polarizer, brightening of some regions and dyemg of the other 
ones fm case of monochromatic polarizers, wherein different portions of the same colour have different polarization 
vector cfirection) can occur. In case oi use of different dyes, in rotation cl the polarized ligm plane, either va^ 
the dyed m dHferent colours pattern the case when regions of different colours have the same polarization vector 
direction), or sequential vmshtng of portiorfis of efferent colours tha^ polariza- 
tion vector. wi8 occur. The ^bove-recited examples of polarizers a^e of an imer^ 
our effects (advertistng. show-business), for protection of tradetnarlG an^ 
[01381 TTie substrate siffface, in forn^ a birefrffigent anisotropically absort)^ 
differem sub-layers, inducfing the optica active ones, for exanpte the figm 

birefringent or phase<telaying l^ers. Thus proctoced is a polarizer, characterized in that between the sii)slrate and 

poteizing coating addrtionrfly conprised is a Bght-reflecting 

[01391 When a quarter-wave bffefringert plate or ffln% for example of a polyv^ 

are used as the substrate, and when the birefringent anisotropically absorbing layer is appied at arigle ol 45^ to the 
rnain optica a»s of the substrate, a circular polarizer can be produced (Fig. 5. a an^ 
and extraordinary r^ respectively, OTin is tf>epolarizirig layer polarization V 
gent film must meet the followtng recrement: 

where d is thickness of a polymer fim; no and are the ordrory and extraordinary refraction incBces; X is wavelength; 
m is an integer. 

[014^ When the birefringent anisotropically absorbing layer is formed on polymer films (pdyethyleneterephthalate. 

polycarbonate, tiracetyl cellulose, other transparent flm materials), polarizers in the fomi off flexible polarizing films, 

including self-gMngf^ns, can be obtained. 

[0141] F^nrmjfacture of the datrned polarizer, different gl^^ 

various types of l^nated structures, for exampte triplex glasses or rnuK-l^^ 

five incftjstry and arcfutecture. 

[0142] As seen in Tables 1 -3, polariserso* the dk*voic type according to the tf^^ 
exhixt an resistance to effects of nwisture and an high^ 
to ^iptication PCT WO 94/28073 (1994). 
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[0143] Further, the Claimed poJ^izefs have homogene^ 
erties is different thkiviess of the birefririgern artiso^^ 

TABLE I 



Characteristics of light polarizers based on organic salts of dichroic anionic dyes of 
general formula (II) 



No. 


Dve 


M 


n 




Thickness 

vol loUCC, /O 


-I 


Direct yellow. 


(OHCHiCH-y^^NH 


7 






li^ht£astO 


HN4* 


n 
1 


13 


2 


Mixture of disulfb- 


N-Tn^hvlnvffiHinnrm ^PT.^ 


7 


< 




acids nf 




7 


lo (signincant 




dibenzimidazoles of 






scanenng^ 




naphthalene-l ,4,5,8- 










tetracarboxylic acid 








3 


3-chIorindanthrone- 


(OHCH2CH20CH2CH2),NH 


2 


3 




4,4'-<lisulfo-acid 


NH** 


2 


10 


4 


Acid brigjit-«d 


(C2H5)«N 


2 


5 




anduaquinonic N8S 


NH«* 


2 


15 (scatters 




C.L direct red 48 






Ught) 


5 


N-etbylamidazoIinium 


2 


5 






Na* 


2 


15 


6 


C.L active yellow 1 


NHnethyltiiiazoIinium 


2 


5 






Na* 


2 


15 


7 


C.I. acid yellow 1 


NH2(CH2CH2NH)2CH,CH2NH, 


I 


5 






NH** • 


1 


15 
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10 
11 

12 
13 
14 
15 

16 

17 



18 



C.L direct blue 19 

Mixture of sulfoacids 
of dibenzimidazoles 
of perilene-3,4^,10- 
tetracarboxylic acid 

CI . direct vioiet 88 

Acid briglit blue 
anthraquinonic 

CI. direct violet 56 

CI, active bhie 4 

CL direct yellow 73 

Disulfoacid of 
dimethyl cfainacridone 



Disulfoacid 
tfaioiiuiigo 



of 



Mixture of 
disulfoadds of 
dibenzimidazoles of 
naphthalene-lA5,8- 
tetracaiboxylic acid + 
3-cfaIonndattfhroDe' 
4,4^-distdfoacid 

Mixture of 
disulfoactds of 
dtbenzunidazoles of 
iis^]htfaalene-l,4A8- 
tetracarbo^^c acid + 
3-chlonndantiirooe- 
4,4^-di5ulfoacid + 
mixture of 
dibenzimidazoles of 
perilcne-3,4,9,10- 
teracaibox^ic acid 



[OH(CH2CH20)jai2CH2]2NH, 

NH4* 
CsH^CHjCCHsfeP 

NH,* 



CH3{C3H7)NH 
NH4 

N-^ylchinolinium 

C6H5(CH3)NH2 
Na» 

N-etfaylthiazolinium 
Na* 

[OH(CH2CH20)5CH[2CH2l2NH2 



NH2(CH2CH2NH)4ai2CH2NH3 
NH4* 

{OHCH2CH20CH2CH2)3NH 
NH,* 



CsH5CH2(CH3)3P 

NH4* 



5 
15 
5 
10 



5 
15 
5 
15 

5 

20 

5 

18 

5 

15 

5 

10 



5 
15 

5 
15 



5 
18 



• known polarizer acconlii^ to application per WO 94/28073 (1994) 
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TABLE 2 

Qiaiacteristics of light polarizers based on asymmetrical mixed salts of 
dicfaroic anionic dyes of general formula (Dl) 



No. 


Dye 


Formula 

• 


Dichroic 
ratio 

D/Dn 


t 
1 


— : : 

Direct yellow Ugbt&st 0 


F=8f=0; X=X^=SC)2 


15.0 






M=<OHCH2CH2)jNH; n=3; 








Mi=NH4; nr=3; 






s 


(D*.M=4«4;ff=6; 


10.0 


2 


Mixture ox disultoacaas or 


I and gs— 0, X— A =5iC>>; 


16.0 




oibenziinidazoles of 


M=(OHCH2CH20CH2CH2)2NH2; 








M,=NH4; in=l 






tetracaxbo^^lic acid 


(I)*,M=tfll4;iF=6 


10.0 


3 


j-diionndantfarone 4,4 - 


f and g = 0, Dpi; X=X ^^Oz, np2; Nf=Cs; 


35.0 




disalfoadd 


m^l; Mi=NH4, 








(O*, M=NH*, n=6 


23.0 


4 


C.L direct yellow 73 


f and g =0; X==S02. nr^; M = N- 


14.0 






metfaylpyridiimiip; 








ni=2; X =CO, Mi=*lH4 








(I)*.M=^^if=^ 


8.0 


5 


Tnsuiio-acta of 


f and g — Q, X— X^^Oi, M= 


lo.O 




tfaioindigo (crimscm) 


octylanmioniuni; ii=l; 









Mi=Na; n^2; 








(I)*, M==NH», D^3^ 


0 


6 


Mixtures of disulfixictds 


f and g =0, nf=l; X— X^^Qz; Nf=N- 


17.0 




ofdibftnxfmidaToffts of 


n^thyhfaiazoiimum; 






paaene-3,4^,10- 


nr=l;M|=NH4, 






tetiacarbo^^c acid 




lO.O 


7 


Acidbrigbt-blue 


f and g=0; n-1; X=X*=S02; K«= 


1S.5 




ffnttinwpitfKtfitc 


(NHiCHjCHjNHCH2CH2)2NH2; m=l; 
















(I)*,M=NHbn=2 


3.0 


8 


CI 43320 acid bright- 


nf=m=0; X=X'=S02; Z=NH. pF=l; 


19.0 




blue 


M=(C»iCH2CHi)jNH; f=l; M,=NH«; 








g= U - 








(I)»,M=NH*.ii=2 


ZO 


9 


Active M^t-violet FT 


f=0; n=2; X=S02; M=NH«; m=0; 


15.0 






Z==SOfc p=2; XOSOi M,=K; g=l 










12.0 
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10 



II 



12 



Active bright light blue 
2KT 



Active yellow 13-181 



C.I. 1486S acid black 3 M 



f-0; n=l; X'SOj; M= (0HCHiCH>)3NH; 
m=0; g=l; Z=S02; \f=2, XOSOj; 
M,=NH4;(I)*.K4=NH4.n=3 

n=0; f=l; Z'SOzNH. p=2; X=X'=0S02; 
M=(OHCH2CH2)3NH; m=0; g=i; 
M,=NH4;(I)*,M-NH4.ff=2 
f and grO. X=X'=S02; M,=N- 
methylthiazolinium; n=l; (I)*, M=NH« 
m=l; 

(I)».M=NH4,n=2 



16.0 

5.0 

14.0 

3.5 
15.0 



• a polaiizer known from application PCT WO 94/280073 ( 1994) 
TABLE 3 

Characteristics of ligjit polarizers based on associates of dichioic dyes containing 
icoogenic groups with sur&ctants^ of general fonnulas (IV- VI) 



No 


Dye 


Formula 


Conductivity 
X 10 '° ohm-* 
cm 


1 


Direct yellow li^itfast 0 


(IV), SUR - Axiecyl ammonium. 


0.1 






X^*=SOi;nF=l; 








M-NH(C2H40H)3;m=6 








(T)*,m=7;lwf-NH4 


15.0 


2 


Dtsulfoacid of indigo 


(IV), SUR-decyltrimetb^ ammonium 


0.5 




(blue) 


cation; X, X*=S02; n=l; M=Na; ni=l; 








(I)*,M=NH4,m=2 


10.0 






'^'^ 




3 


Trisuifoacid of thioindigo 


(IV). SUR-Kbcylpyridinium cation; 


0.05 




(crimson) 


XX-S02;;n-l; 








M=N-[ttethylpyridinium; icH2\ 








(I)*, M-NH*, m-2 - PC cwmot be 








obtained 




4 


C.L direct orange 138 


(IV), SUR-octyhrimcthyl ammcmium 


0.04 






cation; X;jr=S02;n=l 








M=NH(C2H*OH)5; m=l; 








(I)*,M=NH4.m=2,n=0 


13.0 


5 


C.L active yellow I 


(IV), SUR-dodecyl ammcMiium cation; 


0.05 






X=Xrr502; n=l; 








M=NH(C2H40H),;m=l; 








(I)*,M=NH4,m=2;n=0 


15.0 


6 


C.L acid yellow 135 


(IV), triethaiwlaminic salt of SUR- 


0.5 






dodecyldimethyl aminoacetatic acid; 
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7 


CL direct yellow 73 


ZK); p=2; XOSO,; n=l; m=0; 

G)*,M=NH4,m=l,ii=0 

(IV), SUR-dodecylimidazolinium 

cation; X=S02, n=2; X'=<:0, M=Ba, 

in-2; 

M=NRt in=4 n=0 


20.0 
0.5 






20.0 


8 


CI active brigjit-violet IT 
73 

s 


(IV), SUR-cetyhrimethyl ammonium 
cation; Z=NH, p=l, X=S02, f^l, n=0; 
X'-S02,M=Cs' 

(D*,'M=NH4,in=2.n=0 


0.3 
25.0 


9 


CL 63320 add bright-blue 


(FV), SUR-dodecylimidazolinium 
cation; 2=802, P=2, X=0S02, f=l, n=0; 
X'=S02. M=tla, m=2; g=0, 
(D* M=4«l4,nF=3,n=0 


0.7 
20.0 


10 


CL 50315 acid dark-blue 


(V). SUR-octylsulfate; g=0, m=2; 
X=S02, M=NH4; 


LO 


11 


CL 44025 acid green Zh 


(V), SUR-dodec^sulfimate; gf=0; iir=2; 
X=S02.M=NH*;^ 


0.5 


19 

'13 


CL basic blue 4 


r\rt\ mTR-7-hvHmYV-V 

^ ▼ ly, OvJJCV—^"lljrU*Uiyj — J— 

(dodec)1trimetfayi ammonium)- 
ptopanesul&te, triedianol aminic sah; 
n=l 

(VI), SUR-2-(dimisteploctylamidopropyl 
ammomum)^hanesul£ate, N- 
metfaylpyridinium; n=l 


0 5 
0.2 


14 


Metiiylene blue 


(VT), SUR-dimeAyldodec^l amcmium of 
acetic acid, triethaiK>laminic salt o^ if=1 


0.5 


15 


CL Basic 22 


(VI), SUR-octyldimethyl ammonium 
ethane sulfate, ammonium salt; n=l 


1.0 



♦ the polarizer known according to ^)plication PCT WO 94/28073 (1994). 



[0144] It should be noted that the above-mentioned polarizers of both the dichroic and interference types based on 
the birefringent arnscriropic^ly ^>5ort)ing layers having at least or>e refraction index growhg as the wavelength 
increases, assurne the utaization of not more than 5(n(> of the inctderrt li^ 
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[01451 Use of the bkefringert layer having the rfxx^^ 

conversion of practically entire energy of a noni)olarized radiation source into the polarized radiation. 
[0146] The proposed polarizer of said type indudes: 

• a polarizing rneans for divi(£ng a plurafity of noniX)larizedfiQ^ be 

izer. to the same plurality of identical pairs of the differently polarized light t>eanYs. ^ 

• a rneans for changing the polarization of at least one plurality of ideriticalt^ 
pluraTfty of pairs of the differently polarized light beams. 

[0147] Said polarizing nrieansimpfenriemed in the form of the focust 

one bir^ringent anisotropically absori^ng layer adjacent to at least one opticdly isotropic 1^, is optically registered 
with said means for polarization changing implemented in the form of a sectioned translucent birefringent plata 
[0148] f=br sinpfidty. said polarizer wBI be referred to as the polarizer based on the transnnssive type polarizing 
means. 

[0149] The characteristic feature ol this polarizer is also the use. ffi said polarizing n^^ 
anisotropicaily^t)sori3ing layer ha^nng at least one refi^^ light wavelength increases. 

[PlSCq Sad focusing optical eterrrert of the dairned polarizer can be iri^^^ 

in its turn can be implemented in tiie form of an anplitude zone plate, wherein the even zones conrprise at least one 
birefringent anisotropicalty absortwig layer ac$acent to at least one optical isotropic layer, and the odd zones are man- 
ufactured of an optically tsotropic material. 

[0151] A phase zone plate can serve as the olher version of the zone plate of the dainriedpol^ 

[0152] A phase zone plate can have at least one refraction index changing at least along one of the direct 

sive of that along the plate. 

[0153] At least one refraction index of a phase zone plate can change in the direction along the plate pto 
to a certain rule, irx^focfing a non-morx3toruc cfiange. 

[0154] The rnearts for changing polarization of the dairned polarizer can also co^ 

fringent anisctropically Absorbing layer having at least one refraction index growkig as the polarized light ravelength 
increases. 

[0155] At least one r^raction index of at feast one birefringem anisotropically £i>sorfoff^ 

a pol^iztng rneans of the transnrteive type can be directiy proportion^ 

PH56] At least one brefringematisotropically absorbing la^ 

the irtterference exiremum at output of a polarizer at least for one linearfy-^^ 

thidoiess of at feast one birefringent anisotropicalty absorbing layer satisfies the cond^ 

optical polarizer, tfie interference minimum for one finearty-pdarized component of the passing Kght and the interfer- 
ence rnaxirnum for other orthogonal Rneartyi)olarized conponem of the passing Bgh^ 
[0157] For rnanufacture of the dairned polarizer, layers a^^ 
layer wil coincide with, or be rnaxirnalty pnixirnate to one of indi^ 

[0158] Prefer^ is a polarizer characterized in that the rneans for chan^ng polarization is irr^^ 
of a sectioned translucent h^-wave birefrktgerit plate or a layer having sections d^ 
of focusing optical elements^ 

[0159] When fo the polarization chan^ngme^is, used is an «achronnatic» half -wave or quarter-wave (for drcUv 

polvizer) plate, wherein a phase C£BTy-over (or travel c^fference) is 

change, when Egtrt passes through such plate, takes place at aU wavefengths of ^ 

60] Another version is a polvizer, characterized in that the polarization changing means is implemented m the 
form of a sectioned trOTSlucert birefringert plate having sections in the form of qu 

focuses of the focusing optical elements, and having sections in the form of plates d^ermtning a phase deference 
between the ordinary and extraordinary rays, that is differem by 1C from the phase dif^ detemiined by said sec- 
tions in the form of quarter-wave plates cfi^>05ed in focuses of the focusing optica 
[0161] The nrieans for changing polarization of the dairned polarizer can be 

tranducert polymerized planar teyer of a liquid crystal having tfietvw^ wherein ttie liquid crystal optical axis 

within thickness of said layer is rotated by an^e of 9ff*, with sections disposed in focuses or outside focuses of the 
focusing optical elements. 

[0162] The dainried polarizer carl be irrpfernented in the form of a fim or plate con^ 
tf^ fomri of focusff^g optical efernente hav^ differed focal power for each polari^ 
ligW inddert upon the polarizer, and optically registered vvith said rneans f^ 
rality of identically polarized Bght beanfB. Said focusing optical eternents ^ 

lecting tenses, or various kinds of them known from the zone plate optics [see as. Landsberg, Optics, rev. and si«)d. 
5*^ ed., «Nauka)) publishers, Moscow. 1976]. 
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[0163] Averswnofthedamedpolarizer.fDrwhtt 

cfiHro from the opeialing wavelengm range, fe 

layer representing a pluraBty of volume or phase len^ 

It is possi)le to create a polarizer provkfng polarizatm 

[0164] ft shouW be noted that the focusing optical elements can have nrt 

minors, and combined ones. 

[01 65) A (fistinguisNng feature of the invention is the use. for manufacture of a pola-izer, of at least one bo^efringent 
anisofropic^ly absorbing 1^ having the abnomial dispersion, comprised by a polarizing means and implemented in 
some entxxfiments of means for changing polarization lor at l^st one polarized light component. 
10166] For fomwig said birefringentanisotropicalVEteorbin^ 

techniques used for the above^med polarizers of the interference and dtohroic types can t>e utilized. 
[0167] The above<fiscussed versions do not Urnit the posstoiety off using other rna^ 
for the proposed optical polarizer. 

[0168] Selection of the techniques to apply ^ oriented birefririgeiitrnaterialdepe 
inportart for the essence of the invention. The polarizing layers of a bireffring^ 
be not or^ the flat ones, but can be the focusing ones, for eocarrple in the fc)^ 
[0169] F1iotofithogr^)hy techniques can be used for creating sectioned brefrmg^ 

tropic polymer materials, extruders, including those having a great number (10-100) of flat cies and allcwvig to ^sply 
many l^ers of the recced thickness of (Afferent polyrner mat^^ 

[0170] The final result of any used techniques must be an oriented layer of a birefrmgent material having, apart from 

refraction incfices that vary at different axes, the dkiwoism toa ^ 

[0171] Principle of operation of the daiinedpolaizer can be described as foN^^ 

onafirstflatsurfaceoffapolarizer intheform off af8mor platecorTf)rising Said 
non-polarized ight r^, passing through the polarizing means in the form of focusing optical elements having Afferent 
focal po^ for each polarized conrponert of ttw incidert noni)olarized 
<fifferently polarized fight beansw Tte resultnig pluraity of pairs of ^ 

time, the two pltf^ities of the polarized lififtt beams, wherein, in each off them, the light is polarized idenlicaayforallthe 

bearns conY)r^ by s^ pktf)^. Further, one of these pliffafities of i^ 

cfifferenlly polarized fight bearns cmi have the form of for example, paraBel 

ptoie, »kJ the rther pluralily of fight beams can be in the fonn, for exanf^ 

plane that is orthogortd to the polarization pim off the first plur^ of the bearns conve 

optical elements, wtttch (focuses) »e regulariy arranged on a second 

conprisesai wl«i*^eon means for chan^ng polarization off at least one p^ light 

beams in the fomi of a sectioned translucent birefringent plate. At least one pluraTrty of the identically polarized light 

Ijeans, passing through said polarization changing means cfeposed on the second surface of the polarizer, cfianges 

Its pol^ization such that state of its poltfization wis be ideritical 

identic^ polarized light beans, that also passed through the second boundary of t^ 

pluralities of the figm bearns leavkig the polarizer based on a polarizmg nr^^ 

Identically, and further both these plur^ilies of said fi^ beams coming out ol the polarizer transfer the fight energy 

anounting to least over 50% off the energy of the li^ indderit on ttw light polarizer, ^ 

tfon. 

Bh72] TfteoffterittTdoflheclairnedpolarizerprovicfing conversion 

ized radiation-M> ttie polarized orie, is a polarizer based on a polarizm^ 

PM7?] Saidpoloizer isBTpleniientedintheformof atleaslonefimorplate,^^^ 

verting the »x»nwig noniwiarized figW into a pforality of identical li^ 

polarized light beams into the polarized passing and reflected light t>eams having different polarization, and a means 
for changing polarization &na direction of the fight beams reflected from the polarizing means. 
[0174] A cfistinguishing featured the daiined polarizer is a polarizing rneansconnpris^ 

sotropically dt)sorl)ing l^erhavkig at teas* one refraction index growing as the polarized fight wavelength hcreases, or 
a bireffringent layer having the constant, across the layer lhicla>ess, *ect^ 
layer thickness according to a certain rule. 

[0175] Depencfing on the type of the used birefringent layer, division of the non-polarized light beams can be dor^ 

either as Wo the Bnearty-poteffized passing and reflected, with orth^ 

tzed passng and reflected, having opposite signs ol the polarization rotatm 

[0176] The rneans for changafig polarization and (Erection of the reflected B^bearns of th^ 

comprise a sectior>ed metallic mirra. 

[0177] Prefer^ *is a pola^izer whose polarizing means includes at least one brefringeman^^^ 

teyer or a bir^ngent layer having constant, across the layer thictoiess, optical axes, and where upstream of the sro^ 
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tioned metal&c mirror a qu^er^Meve 

[0178] Also preferable is a polarizer comprising at least one txrefringent arosotropicaDy absort^ing layer having at least 
one refraction index that grows as the poteBized li^ w 

[0179] Also pr^eraUe is a pdarizer wherein the wavelength region, where the anisotropic absorption of the birefrin- 
gert layer is observed, and thus the concftion of the abnormal dfepersion ism operat- 
ing range. 

[0180] Theniostpr^er^eistheuseofbirefringerrtanisctropicaQyabso^ 
that directly proportional with the polarized Bght wavelength. 

[0181] Ihe polarizer according to the invention can comprise as at least one birelringent anisotropicaUy absorbing 
layer, a layer lorn^ ol materials used for nranutacluring the claimed 

[0182] The above<liscussed versions do not limit the use of other materials for forming birefringent anisotropicaUy 
cdt>sorbkig layers for the proposed polarizer. 

[01831 Abir^ringentanisolropirally absorbing layer in the proposed polarizer can be both a solid and liquid ona 
[0184] For inamiacture of a birefringent layer hawing the constant, across the la 

axes, polymer films oriented by uniaxial or biaxial tensions, transparent (not light) in the operating wave- 

length range polymer fims can be used. 

[0185] An ectfrple of birefringent layers having the direction of the op^ 

acconfing to a certain rule, is layers of choiesteric Bquid crystals. In such layers, the optical axis corresponding to the 

long axes of thestick-sh£43ed molecules, and, accordingly, to a greater refraction index, is rotated in the mental motion 

across the thickens rernaining to be partial to the layer plana The cfistance across the thid 

axis m^«s the full rotation at 360° is referred to as the cholesteric spiral pih^ 

be both ctocfcwise, »id such spiral is referred to as the rigW one, axi courterKd^^ 

as the left one. Such structure (texture) of a brefringent layer o* cholesteric liqwd crystals is referred to as the planar 
one, or the Graidjeantextura The nr»in optical properties of a birefrtf^ Bc^idcrystalsof the pla- 

nar texture are as follows: 

1 . When the light is incidert on the layer, there is a region of selective reflects 
of which region is proportional to the cholesteric spiral pitch. 

2. The spectrum width of the ligW selective reflection region is proporti 
the difference brtween the orcfinary and extraordinary refraction incfices). 

3. WitNn the light selective reflection region, one drcularfy polarized component of non-polarized B^, direction of 
which coiT?)onert coincides with the cholesteric spiral rotation cfirectm 

polarized conponert of the norvpotoized fight, direction of which com 
rotation direction, passes through the layer coirpletely 

[0186] Thus the planar texture cholesteric liquid crystd layer is a circular polarizer of the ^ 
passing and reflected limits. Such layer can serve as. or can be included into a polarizing means for cfividing the non- 
polarized light be»iis into the passing and reflected light beams having (fifferenl polarizations. When necessary, the 
known quarter-¥vave plate can be used for converting the drcUa- polaizations into the linear ones. 
[0187] Pr^erdble is a polvizer according to the invention, where the polarizing means conprises at least one layer 
of a cfx)le5teric liquid crystal. 

[0188] More preferable is a polarizer according to the invention corriprising at 1^^ 

crystal manutetured of a polynrier cholesteric liquid crystal. 

[0189] At least one layer of the cholesteric liquid crystal has across its thickness 

pitch and, as the rest^ has the spectrum width of the tigm selective reflection band 

[0190] The polarizing rneais of the reflecting type can conrprise at least three layers of ch^ 

ing the light selective reflection band in three cfifferent spectmm ranges. 

[0191] The means for converting the inconing non-polarized light into a pluralfty of i^ 

rT>ented in the form of a system of rnkyotenses or nricropri sr ns focusing the figW in the direction 

towards the interfor off the polarizer. In particul^, a microlens system can be implemented in the form of positive cylin- 
drical micrdenses entirety coMering the polarizer surfaca 

[0192] Seleclwn of techniques for rnanufacture of a polarizer according to the invention depend 
be used lor the birefringer^ l^ers, and is not inportart for the inventfon essen^ 
[0193] Fwfonwng. on the surface of the proposed polarizer, a polarizing coati^ 

layer, the foDowing standard methods can be used: lamination of the preBminar^ oriented by drawing polymer fBms. 
^pBcalion of the used rriaterials in the Iquid state by a roller, doctor Wade, 

appBcation using a slit die, and other methods. In some cases, after a layer is applied, it is dried to renrwve solvenls. In 
other cases, for exarpfe for thermoplastic polymer materials and vitrifying materials, the ^p6ed layer is cooled after 
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application. 

[01 94] The other techniques that can be used to obtain birefringent layers of the materials that form, when applied, 
the fk^ crystal phase, consist in applying such material onto a substrate prepwed beforehand for orientation of the 
riquid crystal phase [US Patent Na 2 524 286 (1950)]. One of these techniq^ 
5 strate, or mbbing of a tNn polymer layer applied thereon beforehand, which is known and used for orienting thermo- 
tropiclowHnolecular liquid crystal niixes in manufacture of LQ<fsplays. 

[0195] Another technique for oblaning birefringent layers is the known technic^e of photo-orientation of the prelimi- 
narify ^ied, in this or other manner, layer using irradialfon thereof by t^ 

[0196] For w^ying birefringent l^ers of thermotropic polymer materials, extniders can be used, inclusive of the 
10 eKtruders having a nun*er of flat dies and alk>wing to 
thkdviess at one run. 

[0197] l=dr manufacture of a layer of cholesteric liquid crystals of the planar texture, the folkawing materials can be 
used: cholesteryl esters, nematfo liquid crystals doped with oplfoally active compounds, so caPed chtral nematk:s 
wherein the optkally active center is chenncally connected with molecules of a nematfc Bqiad cryst^. polymer choles- 
15 terfo fic^ crystals, tyotropic chdesterfo liquki crystals of. for example, polypeptides and ceflutose ethers. 
[0198] The manufactured layers can be both IkpiU and soikLCuri^ 
by evaporatkxi of a solverrt polyrneriratkn inclu(fing photo-^^ 
[0199] As the rneans to corivert the incorning non-polarized Bght into a plural 

mkaolenses. both the voliriie and flat Resnel lenses, as weU as the other rneansfo^ light beams, a system of 

20 mk:roprisrns in the fonn of volume prisrns of. for example, the triangular 

cfistributed across the thk*ness and surface refractfon index, and also other rn 

[0200] For manufacture of a system of mforolenses or nvcroprisms, the moukfing. casting technkfues can be used, 
for exarrpte ffflng the prefirrinarily prepared depresskxK of the des^ 
having a greater refraction index; photo-induced polymerizatfon, and other technk^ies. 
25 [0201] For applying a sectioned metallfornirror, the foHowing standard rnetho^ 

vacuum, s^spOcatfon ui vapours with subsequent thermal treatment, magnetron sputtering, and other m^hods. For 
appBcatfon of a nwTor. aluniinium (AO. saver (Ag). and 

[0202] Princple of operatfon of the claimed polarizer based on a polarizing means of ttie reflecting type w» be cfis- 
cfosed in descr^ytfon of the spedffo exarTf)les of this pol^^ 
30 [0203] Mnbmentk>ned£dx>ve,^dbwercis^ 

tfon. in partkajlar for marujfacture of lk?ukHyys4al incfica^ 

[0204] The objective of the inventkxi is to provklekTiprovedbri^T^^ 

by a Kquki-crystal indkating element 

[0205] This objective is to be attained by use of fiquk^crystal incficating element (LCI), compriskig a layer of fk^d 
35 crystal positfoned between a first and second plates, at least on one ofsaklpl^ 
izer that kwludes at least one birefringent anisc1ropk3rfly ^bsort)ing fay^ 
as tfie polarized tight wavelength iTKreases. 

[0206] For fonrwng saw layer, the sarnernalerialSOTdtechnk^ as for the atX3¥e-^^ 

[0207] An high qua&ty of an image is to t>e provkled by a LCI eiement compri si ng at least one polarizer of the kiler- 
40 ference type having hig^polarizatfoncharacteristfos. 

[0208] The dairned LCI elemert can further, on one plate, conprise a (fiffusfon reflects 
taneously an electrode, and at least one birefringert anisolropk»lly absorbi^ 
ing layer, or on a (fielectric suWayer applied on the reflecting coal^ 

[0209] The other versfon of the LCI element is characterized in that on one of the plates, aiad£^^ 
46 elements is formed t)etween the polarizer and the ptata 

[0210] The polarizer of the claimed LCI elenient can further corrprise at least one layer that r^ects the light at 
partiaRy. Sakj ligM-reflecting layer can be rnade of a rnetal. 

[0211] At least one birefringent antsotropfoalty Absorbing teyer of at least one polarizer of the claimed LCI element 

can be kr^emented fo the form of elements that differ from one another in the aspect of the phase del^ and/or the 
50 polarization axis directfon. 

[0212] One polarizer of the cteimed LCI elenienlconrprises at least two birefrin^ 

of different cotows with mutually perpendkailar dkectfon of the polariza^ 

least one knerrnedfate layer separating them; aid on the other plate the potent 

anisotropwdly iteorbing layer of gray cokxa' having the polarizatfon arc 
55 of one of the bkefringentanisotropkaly absorbing layers on the fkstp^ 

[0213] Use of the polarizer based on the polarizkigineans of the reftecttfigtn)e.uti!i^ 

polarized 8ghL provWes ftigh brightness and reduces the arnount of power consun^ 

[0214] The proposed LCI element comprises a Ikiiad crystal layer positfoned between the fkst and second plates. 
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where at least on one of sakl plates electrodes and the pola^ 

• a polarizing means for cfividing a plurality of noniX)lan^ 
ttie sarne plurality of jderitical pairs of the differefitty polarized 

of focusing optical elements, each of which comprising at least one t)ir^ringentanisctropicat}yat>scrbing layer hav- 
ing at least one retraction index that grows as the polarized wavelength inaeases and is adjacent to at least 
one optically isotropic layer; said polarizing rneans l>eing opticaHy reg^ 

of at least one of the identically polarized light k>earnscorTiprised by said phirality of pairs of the drff^ 
fight t)eams. 

[0215J At least one birefringentanisotropk»llyabsort)ing layer c# the foc^ 

nfiert can l)e irrplernented in the form of a plurality of the volurrw 

[0216] The focusing optica elernem of the dain^ed LCI elernent can t>eirTplenr^^ 

[0217] A lond of a zone plate is an ariplitude zone plate, whose even zones corr^^ 

tropically ^t>sort3ing layer adjacent to at least one optically isotropic layer, and the odd zones t>eing irrplemented of an 
opticatly isotropic material 

[0218] The other kind of a zone plate is a phase zone plate. 

[0219] The rneans tor chan^ng polarization of the LCI elernent can comprise a sectioned translucerttt 

sotropically at)sort)ing layer having at least one refraction index that grows as the polarized wavelength increases. 

[0220] The polarization changing means can be irrplemented in the form of a sectioned tr^islucertt half-wave hire- 

fringert plate, or a layer having sections disposed in focuses a outside the focuses of the foc^^ 

[0221] The polarization changing means of the polarizer of the dairned LCI elemem can be irrf^^ 

of a sectioned transfocenl birefringent plate having sections in the forni of qu»ter-weve plates cfeposed outside the 

focuses of the focusing optical elernents, and having sections deternrining a phase differed 

extraoftfin^ rays, dfflering by n from the phase <fifference determined by said sections in the form of quarter-wrave 

plates (fisposed in focuses of the focusing optical elements. 

[0222] The polarization changing rrieans of the dairned LCI elernem can be irrp^^ 
translucem polynierized planar layer of a liquid crystal having the twist t® 
cal axis within the ttnckness of said layer t3y angle of 90^, w^ 
focusing optical etemerrts. 

[0223] The pol^ization chaiging nrieans of the dairned LCI elernem can be irrf^^ 
translucent achromatic birefiringent plate. 

[0224] An increased brightne ss »id a lower power consurption are also provided by the LCI el^^ 

izer based on a polarizing means of the reflecting typa 

[0225] The proposed La etemertcoriprises a liqifld crystal layer (fisposedb 

on one of which plates positioned ffl^e electrodes and a polarizer. At least one pola^ 

least one fibn or plate, whereon appfied are: rneans for a)nverting the inconring non-polarized light into a p^ 

identical light beains, a polsffizing rneans for dh^Jing t^ 

reflected BgW beans havwig dHlerent polarizations, whkA means c^ 

Absorbing layer having least one refraction index that grcws as the poterized ^ 

gem 1^ having the constoiL across the layer thid^^ 

the optical axes' cfirections that change across the layer thickness acconti^ 

poloization and direction of the light beanns refteded from the polarizi^ 

[0226] The rnero for chOTging polarization OTi direction of the reflected Bgmbea^ 

comprise a sectioned melallfo mirror. 

[0227] TTie polarizing rneans of the LCI elernem can corrprise ad least one bcrefringema^ 

or a birefringent layer having the constant across the layer thickness, Erections o# the optical axes, and having a quar- 
ter^wave plate upstream of the sectioned metallic minor. 

[0228] The polarizing means of the claimed LCI element can comprise, as at least one birefringent layer having the 

optical axes' directions that change across the layer thickness accoriding to a certain rule, at least one layer of a chd- 

esteric Ik^ crystal that can be manufactured of a pdymer chdesteric liqi^ 

[0229] At least one of a cholesterM:lk)uidcrystel can have, across the thkim^ 

spval pitch, and, as the resuft, a spectrum wNfth of the Sght selective reflection band of not 

[0230] The polarizing rneans can conrprise at least three layers clcholesterctiq^ 

reflectiwi bands in three various spectrum ranges. 

[0231] The rnears for converting the incoming rK)r>-polarizedti^ of the polarizer o^ 

implemerTted in the form of a system of irtcrdenses or mforoprisms that focus the li^ t>eams coming out of them in 
the (firection towards ttie interior of the polarizer. 
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[0232] AsystemofnrtootensescanbeirTple^^ 
the polarizer suif3C& 

[02331 On a firet surface 0* a fBm or plale, the polarizer of the cto 

lerises and a seclfoned metaflk; mirror optkaDy reg^ 
5 afamorplateitcanconripriseatleastonelayerof acholestericK^ 

[0234] Ihe polarizer of the claimed LCI, on the first surface of a film of plate, can comprise a system of mi^ 

a sectkxied metallic mirror optically registered with said system of microlenses, myd a quarter-««ve plate; and on the 

second surface the polarizer further conrprises at least one t)irelringent an^ 

layer having the constant across the layer thickness. Erections of the optical axes. 
10 [0235] The polarizer, on the first surface of a filnri or a plate, can also conriprise a section^ 

second surface of film or plate applied are, sequentially, a system of microlenses optically registered with sections of 

the rnetaDic rmror, and at least one layer of a cholesteric liquid cry^ 

[0236] Preferat)le is a LCI eleinem whose polarizer on the first surface of a fam or plate conrv^^ 

rnrror ^ a (^j£ffter-wave plate, and on the second surface of a f^ or pl^ 
IS rolenses opticdiy registered with sections of the metalfic minor and at least one birefringent anisotropicaUy ^t>sort)ing 

layer or a birefrv^em layer having the constant, across the laye^ 

PJ2371 Thepol^izerofthedanTtedLCIelemertcanconfpriseatleastt^ 

surface of the first fDm or plate ^3plied is a first system of rrik:^^ 

or plate ^ied is a sectk)ned rnetanic nvnor, and on the external su^ 
20 is the second system of nrmolensesopticany registered with sections o^ 

microlenses; and at least one 1^ of a cholesteric liquid crystal. 

[0238] Prefer^ is a LCI elenftent whose polarizer comprises at least two 1^^ 

surface (rf the first fBm or plate applied is a first system of rnicrolenses, on 

or plate ^jpiied^e a sectioned metallic mirror and a quarter-wave plate, on the external surface of the second fim or 
2s plate adcetionally^)ptied^ the second system of mkTOlensesop^ 

and with the first system of nticrolenses. and at least one birefring^ 

layer having the constant across the layer thickness, directions of the optical axea 

[0239] Prefer^ is a LCI elefnem whose polarizer corrprises at least tM 

surface of the first fOm or plate ^3plied is a system of rnkToprisnris, on the in^ 
30 plate ^)p6ed is a sectioned nrtet^Bc mirror optically registered wHh the 

of the second fBm or plate app6ed is at least one layer of a cholesteric bquid crystal. 

[0240] Prefer^ is a LCI elenient whose polarizer corrprises at least two lainina^ 

surface of the first fdm or plate applied is a system of microprisms, on ttie intemd surface of the first fBm or plate 
sequentiaBy ^iplied a'e a sectkx^ nrietaUic nrwror opt^ 
3s wave plate; on the external surface of the second f9m or plate ^ied is at least one br 
nig layer or a bire*ingent layer having the constant across the layer 
[0241] Prefer^ is a LCI elenrient whose at least one polarizer further coTTf)^^ 
orgmc nrtateri^ or on the basts of polymer materials. 

[0242] The orienting 1^ can be fionned both on the birefringemanisotropicatly 
40 sut>strate ax) said layer. 

[0243] Another verskm is a LCI elentent characterized in that at least on one of the pla^ 

aniso^opicalty ^tjsorbmg layer of at least one poltfizer is 

the electrode, or on a cfielectric fim covering the transparent electrode. ^ 

tal and a cfielectric sub-layer that cowers the electrode, a on the reverse 
46 [0244] Preferable is a LCI elernent, characterized in that on one plate forrn^ 

smAaneousiy serve as an electrode, at least one birefringent anisotropically absorbing layer being (fisposed 

(firectty on the reflecting coating or on a (fielectric sublayer applied on the reH 

orients the liqiid crystd and tfie otf>er layers applied on the reflecting coating. 

[0245] At least one birefringent aiisotropically absorbing layer used in all 
so have at least one refraction index that is (firect^ proportional to the polarized lig^ 

[0246] At least one birefringent anisotroptcally absorbing layer d at least one polarizer m 

the LCI elerriem can have a thickrtess whereat the interference extremist at ou^ Bn- 
earty-pol^ized ^|ht component is realized. 

[02471 Thkdviess of at least one birefringemanisotropicaRy absorbing layer 
55 versions of the LCI element can satisfy ttie coTK&tion of obtaining the imerfererx:^ 

one linea^ty-polarized fight corrponent and the interference maximum for the other orthogonal Rnearly-polarized light 
component 

[0248] At least one polarizer in all above<itedversk>ns of the LCI elernemconfprisi^ 
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asatteastoneofthem.abirefringenl anisotropkally absoibing layer, and the ot^ 

whose refraction index coincides with, or maximalty proximate to one of the indices of a t)irefringent layer. 

[0249] At least one polarizer in ^1 the above-dted versions of the LCI element compristng at least two t)irelringent 

layers, conrprises, as at least one of them, the antsotropically absort»ig layer, one refraction index ol which 1^ 

cides with, or maximalty proximate to one of the tncfices of the tjirefringent layer, and the second retraction indices of 

the birefringent layer and the l)irefringert anisotropically absoit)ing 

[0250] By v£ryBig the used dyes tfi a LLC composition, LC-de«nces with cffferent colour, including the gray one, can 
be created. The ^y colour can be also obtained by the layer-by-layer appttcalion c# a birefringent anisotropically 
absorbing 1^ of yellow, red and bkie colours when they are fomied on p^ 
[0251] Use of an associate of dichroic dyes corripriswig ionogerttcgrou^ 
ularly surface-active ion lor forrmig a birefringent aniso^ 

a polarizer when it is disposed inside a LCI element, whereby the necessity to apply additional orienting LC layers is 

avoided. By varying tfie structure of an organic ion. ihe orienting and wetting c^Dabilities of solutions in manufacturing 

polarizers can t)e chariged, which is iniiportam for rnanufacturing LCI el^^ 

[0252] Further, the presence of lownnotion organic ions in polarizing coalings provide 

turn lowers the energy consurnptioa thus extencfing service We of Bquid crysld 

additional insulating layers when polarizers are cfisposed mtemalty is avoided. 

Variety <rf the colour anangernents of the dairned LCI eleniert is provided 
example those of (ll-VQ fonni^ for rnanufacture of polarizers. 

[0254] Use of ttie interference polarizers based on birefringent anisotropicaBy absorbing layers provides an high 
brightness and hornoger^ across the surface of the daiined LCI elenr^ 
the absence of shadows in operation for the reflection. 

[0255] An hcreased brightness of a LC I element with simultaneous lowering of the energy consumption is achieved 
by a polarizer utilizing more thai 50% of the incident Bght energy. 

[0256] Use of the above-mentioned materials for forming birefringent anisotropically Absorbing layers provides the 

possOxity to mani^acture both monochromatic and colour LCI elernente 

[P257] To attain an high brightness fflxJcontraslnesso* the inr»ge in the propped device 

the high-resoWion cfispteys. additional orienting and brighteni^ 

tropicany absortxng layersw 

[0258] Use of the claimed polarizers based on birefringent anisotropically absorb!^ 

of conventional finvbased polarizing films, in partial ioc«ne polarizers based on PVA. For example, combration of 
the internal polarizer on the 1®* plate having a kxline-based reflecting or tr^^ 
side of the second plate, sdlows to aeate a device havBig an hi^ irnage bri^^^ 
additional glass usually used to protect a polarizer gkied onto the exterrial side ol a first ^a^ 
^32591 Further, using a polarizer based on birefringent anisotropically absort)inglaye^ 

the external arrangement of polarizers can be manufactured For this purpose, bfr^ringent anisotropically absorbing 

l^ers ve s^tied on a transparem isotropic polyrner filrn, whereafter 

extern^ side of the plates. It should be ncted that the LC device produced »i this w^ 

conned with the LC device having corwenlional polaizers based on the PV^ 

Brief Description of Drawings 

[0260] A polarizer of the interfefence type accon^ 

embodiment as shown in Figs. 1-3. Fig. 1 schernaticaMy shows a one^^^ polarizer o# the reflecting type accorcfing to 

the invention. Fig. 2 scheinatic^ shows kWs of deperidencies of the refraction 

wavelength. Fig. 3 schematically shows a mutti-fayer polarizer according to the invention. 

[0261 ] A polarizer of the dichmic tvoe and a circular polarizer based thereon are represented in Fig. 4-5. 

[0262] A polarizer based on a oolarizina means d the transmissive tvoe aocord rxi to the indention is illustrated by 

specific examples of a particular embodiment shown in Figs. 6 - 12. 

[0263] Rg. 6 schematically shows a cross section of one version of the proposed polarizer 

of one filin, on whose surface ^jplied is the following: a polarizing nr>ean^ 

gent anisolropic^y absoritxng rnaterial, Old a rneans for charigw^ 

sectioned translucert birefringent plate, sections of which plate ae dfepo 

schematicany shows a general view of the proposed polarizer according to Fig. 6. Fig. 8 schematically shows a cross- 
section of one of versions of the proposed polarizer implentented in the form of 
^jpfwd are: a pol»izing rneans in the form of said volunr^e lenses, and a 

ized light beams, implemented m the form of a sectioned transfocent birefringent plate whose sections are disposed 
outside focuses of said volurne lenses. Fig. 9 schenrwtically shows a cross-section of a ver 
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in the form of one finru on the surface of which 

made of interteaving layers of twefringent and opticaDy isotropic materials, and a means for changing polarization of the 
polarized igm t>earns implenfiemed in the form of a sectioned transh^ 
of quarter^wave plates disposed outside focuses of said amplitude zone pia^ 
ference between the orcfinary and extraonfeiary rays, differing Ijy K 

tions in the form dl quarter-wave plates disposed in focuses of said amplitude zone plates. Fig. 10 presents a cross 
section of one of the possfoie designs of an amplitude zone plate used ki the ver^ 
ingtoFig.9. Rg. 11 shows a aoss section of a phase zone plate made of three layers, one of wtwch is bir 
sotropically absorbing one. and two other are opticaay isotropic with different r^raction indices: one index is equal to 
the ordn^ retraction index of a bir^ringent layer, the olher being equal to the extraordinary one. Bound^es of these 
layers have a surface profie altowffig them, when said ratios of the refraction indices exist, to play the role of arrays of 
identical phase zone plates capable of focusing the rays that are lmeariyix>larized ^ 

arrays of phase zone plates are shifted with respect to one another by an haK width of one such zone plate. Fig. 12 
shows a cross section of a version of the proposed polarizer in the form of a f Bm, on the surface of which film applied 
are: a polarizing means in the form of phase zone plates of the interieaving birefringent anistropicalty Absorbing mi 
optical^ tsofropic nriaterials^ the design of which plates is shov^ 11, and a means for chan^ng polarization of 
the beaiTis of the polarized Bght implemented in the form of a sectioned translucent bir^ringent plate, whose sections 
aretfisposed in focuses of said volume tenses. 

A polanzer based on a oolanzina means of the reflecttna tvoe accordng to the invention is ilustrated by specific exam- 
ples of the paticular enrtxxfnr)ent shown m Fig. 13 - 21. 

[02641 Fig. 3 schematicatty shows a cross section of the proposed polarizer, characterized in that it is implentented 
in the form of one film or plate, on a first surface off which fifcn or plate appB 

tioned metallic mirror, on a second surface thereof applied is a polarizing means inducfingatleastonelayerof achol- 
esteric fic^ crystal. Fig. 14 schenratically shows a general view of the proposed polarizer accord^ 13. Fig.15 
scfiem^ically shows a cross section off the proposed polarizer, characterized in that the same is implemented k\ the 
form of one film or plate, on a first surface of which flm or plate 
lie rninror and a quarter-wave plate, and on a second stfflace thereof applied is a p 

bir^ngert layer having the consterrt, across the layer thickness, (firec^ 16and17sche- 
rnaticaDy sfK>w a cross sectfon of tfie proposed polarizer, characterized in that the san^ 

one film or plate, on a first surface of which fim or plate applied is a sectioned metallfe mirror, and on a second surface 
thereof appfied is a polarizing means otJ a system of microlenses.Fi^ 18 and 19 schematically show a cross section 
off versions of the proposed polarizer inplemented 
faces ^3pfied are a polarizirig rnearis arid two systenris of iTKOolerises, avi on 

sectioned m^ic minor 37. Figsw 20 and 21 schenratically shew a cross section of versions off the proposed polarize 
irrptemented in the form of two laminated fBnre or plates, on whose external surfaces ^ipbed are a polarizing meais 
and a system of microprisms, and on the intemal surfaces thereof ^splied is a sectioned metallic minor 37. 
[02651 Exafm)tes erf tfie danredLC/ etemente in tte are shown m Figs. 22-27. Fig. 22 

schernaticaUy shows an elenrtert of the transmissive type ba^ 

shows LCI element off the transmissive type based on a convention^ twist-f>ematic having other arrangement of the 
polarizing layer and electrodes; Fig. 24 schenrirtically shows a LX; inc^^ 

tional twisl-nematic; wd Fig. ^ schematic^ shows a LC indicator of the traisnissive type based on a supertwist- 

nematic; Fig. 26 schernaticrfly shows a tJC Micator comprising the colour-^^ 

showsamatrbcLC'iKDcator. 

Description of the prefer^ entbodiments of the claimed polarizer and a liquid crystal indicating element 

A polarizer of the interference type 

[0266] Fig. 1 shows a diagram of a one-layer polarizer of the reflecting type according to the iri^^ 
bir^ngent anisotropically ^t>sort>ing layer 1, said polarizer is characterized in that both its refraction indices (extraor- 
(finary r^ and ordkiary nj areproportfonal to the polarized light wavelength. In the most simple version, layer 1 is adja- 
cent from two sides to air. fo nweconrptex versions, on one of its surfaces applied is a fight-reflec^ 
can be applied ^ on a substrate, and be, for exaiiple, of a transparem ^ass (shown in F^^ 
ation of the proposed polarizer of the reflecting type can l>e explained as fol^^ 

line^-polarized components 2 and 5, the polaization planes of which corriponents are nKituaHyperpencfi^^ 
twoconponents are conventionally separated in Fig, 1 for iBustrative purposes and better understand ng). Component. 
2 polarized in parallel to the optical axis of birefringent anisotropically absortxng 1 , is partially reflected from the 
boundary of layer 1 , thus fonning ray 3. A partial reflection of light of the boundary of irt 
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mecfium takes place due to a jump ((fifference) of refraction index at said bouidary. For a partial reflecticn of light a 
ligW-refftecting coating adcftionaBy applied on la^ 

passed through t)irefringent anisotropicany alssortxng layer 1. is reflected from the second bounday of layer 1. and 

passes throu^ l^er 1 once again, thus forrn^ ray 4. The reflected rays 3 and 4 are polari^ 

ponent2. 

[0267] Thiclmss of layer 1 is selected such that the optical difference 0^ 

to a greater refraction index will be ec^ to an odd niOTt>er of the pola^ = + mA. , where 

X the egW wavetenglh. m is the interference order. In the case when rnedia at 

absorbing) and have r^raction tncfices that are less than those of layer 1. then the optod difference of travel is 

A e == 2dn ^+ 172 , where d is thictoiess 0* 1^, and value X/2 is a phase junrv 

from a mae optica dense rnecfium. In this case, the resuft of irterference ol rays 3 and 4 

and in the optimum version -their complete blanking. The conplete blanking of rays 3 and 4 is achieved when irtensi- 

ttes (arnplitudes) off rays 3 and 4 are identical or proxirnate in respect cl their value. «^ 

pnate selection off reflectances from boundaries of layer 1. for exampte owing to an additionally appBed light-reflecting 
coating. The l^^rt^eftecting coating COT be a metallic or delect one. off the one-layer, or multi-layer type. When the 
condition of proportkin^ of the extraordinary r^raction index of birefri^^ 

wavelength (no is met then equ^rtyA3 = 2dn^+X/2 = X/2 + mX wiM be met for the whole range of the operating 

li^ wavetefigth r^ge; which provides high polarizat^ 

[0269] TTie other Snearly-polarizedcorTponem 5. polarized perpendiodarty^ 

tropically ^)Sort)ing layer 1 , is partially reflected from the fir^ 

of corTfX)nert 5. havmg passed through layer 1, reflected fro^ 

again, thus Ibmriing r^ 7. The reflected rays 6 and 7 are polarized in the same way as incoming component 5. The 
result of interference of rays 6 and 7 is their mutual ffitensification. i.e. tfie interference maximum, for tfie optkal ciffer- 
ence of travel between them. Ao that corresponds to the orcBnary (snialQ reffractfon i^ 
Ao=adn,j+X/2 = X/2 + nra (phasejw7pAy2 when ray 6 is reftecled from the first boundary of layer 1 
this conponent). When the conditfon of proportfonalrty off the onfinary reffractfon index of birefririgent anisotropkaBy 
rf)sort)ing layer 1 to ligW wavelength (rie-X) is rnet then eq^ wBI be met for the whote 

range of the operating wavelengths. whk:h means efirrunatfon of the sp 
zafion cfiaracteristics. 

[0269] Thus, n a wide spectnmirOTge. as the resiit of iriterference. the total reflection of c^ 
paraBeltothequk^kaxisofteyerl offabirefringent rnaterial. is rnuch smaller than refflectfon off component 5 that polar- 
ized perpencficularty to tt)e qukdc a3QS of layer 1 . 

[0270] Also possUe re^ization of tfte reverse situatkxi when as ttie result off the interference. tf>e total reflection off 
corrponent 2 polarized in parallel to the optical axis of layer 1 of txrefringent rnaterial 1 is inuch greater than reflection 
of conrponent 5 polarized perpenctiodarly to the optical axis off layer 1 . Tte 

layer 1 is selected such that the optical difference off travel Ae for rays 3 and 4. corresponcfing to the extraordinary 

(greater) refraction index ne. is an even nurnber off the polarized tight h^HM^ 

irtterference of rays 3 and 4 is the interference rnaxirnurn. i.a their nnjtual ^ 

of travel Ao for r^ 6 and 7. corresponding to the ordinary (srnaiq refraction 'v^^ 

half-waves A^X/2 + mX. In this case the resUt of the interference of rays 6 and 7 is the interference rniniinim 
tfieir nriitud attenuatioa ^fow, as the resdt of the interference, t^ 
to the optica a»s off 1^ 1 off a bir^ringent rnaterial. is rriuch greater than re^ 
(ficutarly to the optical a»s of layer 1 off a bw^^ringent material. 

P271] Fig. 2 schern^kally shows dependencies off the refraction index of layers in pol^^ 

length. i.eL in the regkm of 400-700 nm. Cwve 8 corresponds to the polarizer accorcfing to the prctotype. wherein the 

retraction index of layers decreases as the light wavelength increases. Such dependency in optics referred to as the 

normal dispefslon, and is ch^acteristic for transparert materials. Cun« 9 corresponds to the polarizer according to 

the invention, wherein at least one refraction index of layers grows as the tight wavel^^ 

in optics ^ relOTed as to the abnornnal dispersion, and for the purpose to resize such de^^ 

t>e designed in a special way. The canriedK)ut experirnents and analyses have shewn tM 

a polarizer, characterized in that at least one birefringent anisotroptcally ^bsorboig layer has the maximal refraction 
index not less th»i 0.1 in the operating wavelength ranga Here, as in optics, retraction into 
k is detemiined (see ^ GOST standi 760 1 -78) as a coeffk:iem ai the vir^ 

ofamanufoctiffedlayer(rfamateriatZ = n-ik Curve 10 corresponds to a preferable versfon off a polarizer according 
to the inventioa characterized in that at least one bireffrmgent anisotropk»lly absori^ 
index drectty proportional to the polarized light wavelength ai least at a cer^n range off ^ 
direct proportionaety off the refraction wxlex to the Mght wavelength 

growth of refraction index as the tight wavelength increases. Hi^ polarization characteristics in a wkte spectrum regfon 
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are provided in a polarizer that is characterized in that the refraction index grows as the polarized ight wavelength 
increases but in a certavi range of the operating wavelength, and at all M^velengtfis. 

[02721 It should be noted that the wavelength range wherein the anisotropic absorption takes place and. conse- 
c^ientty. the abnornialcfispefsion is observed, can coincide and not ^ For 
the clainned polarizers of the interference type, preferable is a wavelength operating range, wherein the abnormal (fis- 
persion is observed, i.a at least the refraction index grows as the li^ wavelength inaeases. 
[0273] i=ig. 3 schernaticany shows a miAi-layer polarizer acoordffig to the 

tropically absortxng layers 1. characterized in that the extraordinary refraction Mex Oe of these layers grows as the 
polarized light wavelerigth increases. Said layers 1 are applied as interleaved with four layers 11 of an opticaOy isotropic 
material, the oiYfinary refraction index no ol a birefringertt nriaterial 00^ 

nj of the optic^ isotropic material. The birefringent anisotropicalty absorbing layers 1 can be Irrplemented as being 
identical, or of different materials, being different, for example, in respect of spectrum rariges. within wtiich ranges ihe 
extraorcOnary refraction index grows as the wavelength increases. 
[0274] Operation ol the proposed polarizer can be explained as foOows. A norvix^ 

polarized components 2 and 5, the polarization planes of which components are mutually perperxficular (these two 
components in Rg. 3 are conventionally sep^atedfor the atustrative purposes and better understanding). Component 
2 that is polarized in paraflel to the optical axis birefringent anisofr 

boundaries of layers 1 and optically isotropic layers 11, thus forming rays 3. The reflected rays 3 are polarized m the 
sanrie way as irxxmng component 2. 

[0275] TTttcknessof layers 1 is selected such that the result of interference of 
i.e their riwlual intensfficatfon. The reflectance therelv reaches 93-99.99^ 

nent2 is practicatty conrv3letely reflected from a polarizer, forming ray 12. When a more rigorous, than simple increase, 
concfitfon is satisfied, namely the condition of the direct proportionality of the extraordinary refraction index of birefrin- 
gent anisotropicaOy eribsorbing layers 1 to the light wavelength (ne-X). the interference rnaxinriumconc^^ 
for the whole operating wavelength range. 

[0276] To the other non-polarized Dghl component 5, that is Pnearfy-polaraed perpendiciterty to the optical axis of 

layers 1. corresponds the ordinary refraction index rv^ of lexers 1. behg equal to refract 

tropic layer (no=n,). fri this case there is no any reflection from boundaries of layers 1 and 1 1 , aid fineariyi^ 

componem 5 passes through a rnufti-layer polarizer corrpletely, vi^^ 

of component 5 from the external surfoces of a polarizer can be efiminated using the usua^ 

i.a by ^jplytng on the external surfaces the isotropic layers having 

ctfid refraction oidex of rip^. 

(0277] As the result the polarized tight irrptnging upon a niiutti-layerpolari^ 
into lineartyix)larized ray 12 that passes through a polarizer, and crth^ 
izer. 

[q278] The ^boveKfiscussed exanples do not Uniit the possa)le versions of specie en^^ 
polarizer. 

[0279] Thus» in afi the ^bove-cited examples, provided are high polarization chaacteristics of a polarizer in a wide 
spectrum region, wfien not more ttian 10 layers are used. 

Apotanzerof theeSchmk:1VDe 

[0280] Prnicf)le of oper^ion of the c^Ttioned polarizer is based on M 

layer is partiaBy absoit>ed by the chrornophore system of a dye. Thereby passes only that portion of the light waves, 
wherein direction of osculations of the electromagnetic field electric component is perpendicular to optical transition 
<fipole moment (Fig. 4). 

[0281] When a birefringent anisotropically absorbing layer is applied on a quarter-wave birefringent plate or afibn at 
angleof 45** to the rnain optical axis of a substrate, a drcular polarizer can be rr^^ (Fig. 5, a and b are cfirec- 

tions of the ortfinary and extraordinary rays, respectively, n is the polarizing layer polarization vector drection). Thick- 
riess of a birefringent f3m must satisfy the Iblfowing condition: 

d(n(,-nJ=X/4+mxy2, 

where d is tfvdaiess of a polyrner film; r>o and r>e are the ordinary and ext^^ 
m IS an integer. 
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[0282] Fig. 6schematkallyshoM«acrosss©ctk)nc>fonev^^ 

0* one tarn 11, on the surface of whkiifam applied are: a pol^^ lenses 15 made of a 

birefrlngemanssotropM^any absorbing nralerial, and pola^ized Bght. 

inpleniented m the fonn of a sectioned translucent 
in focuses of said volume tenses 1 5. The nrieans for changing polar^^ 

implemented in the form of a sectioned tr£ffislucent polymerized birefringent layer of a Bquid crystal having the twist 
structure, vnth rotation of the optical axis of the liquid crystal within thickness of said layer at angle of 90°, sections of 
wttich layer are also cfisposed in focuses of said vokime lenses 15. 

[0283] Operation of the proposed polarizer can be explained as Mows (for better underslancfing, in Rg. 6 travel of 
rays of (Afferent polarizations 17 and 18, and, oonsequentty, their extensions 13 and 20, is shown at the neighbouring 
elementary cells of the considered polarize^. Non-polarized lightUisinddentonafirBtsurfaceof a polarizer, whereon 
volume lenses 15 are dsposed. Passing thnxjghvolunfte lens 15 made o^ material -optical axis 16 being 

in the pattern pl^e and the oidtnary refraction index being equal to refraction indexof the isotropic material of fdm 11, 
- cornponem 1 7 that is Bneariy-polarized perpencficularty to the pattern plane, ha^ 

refractionattheboundaryof intertaceof Iens15andfim 11, owing to wtnch circumstance Igfit beam 17, retairwigthe 
cfirection »id shape of tncidem Ugm beam 14, passes through the second boundary d 

beam 13. polarized perpendiculariy to the patten^ Sectioned translucent half-wave bir^ngent plate practically does 
notaffectpolarizationofparsyielBghtbeaiiis 13, for the transverse 19 are selected as to be 

much smaller than those of volume lenses 15 (for example, the transverse dimensions of sections 19 of a half-wave 
plate are 10 nricrn. axJ those of nriiaolenses are 100-200 nr^ 

material - optical axis 1 6 being disposed in the pattern plane, and the extraordinary refraction index exceedvig refrac- 
tion index of the isotropic nriaterial of film 11 -corrponemiSthati^ 
through lens 15. is focused on the second surface of fim 1 1 , where cfisposed 

half ^wave birefringent plate, which section, when convergent Bght beam 1 8 passes ther^oug^, changes polarization 

of said beanri, thus fomiing divergert beam 20. that is linearty-polarized perpent^^ 

change of the polarization plane is caused by the toiown optical proper^ 

having the optical axis directed at an^e of 45° to the plane gI polarization of the I ^ 

of operation of this polarizer, energy of non-pclarized Bg^t 14 is converted into energy cl 

k)eams 13 and 20, having identical Enear polarization, to w extent over 50%. 

01284] Fig. 7 schematrcally shows a general view of the proposed polarizer, a cross section of which polarizer is 
shown in Rg. 6. Thispolarizer isimpternented inlheformof afSmorpiate 11, onafirstsurt^ 
€9)p6ed is a system of cytMricd microlenses 15 made of a birefringent material. mJ on a second surface of f^ or 
plate 1 1 ^3p6ed is a nrieans for changing polarization of the Bneartyi^ 

has the form of a system of str^ 19of translucent birefringent fams. said system being optically registered with said 
system of cyl»Klrical lenses 15. Rg. 7 also shows the travd of beam 14 of no^ 
the travel of drection-coinddent t>eanis 13 and 20 ol Ight outcorn^ 
mone plane 

[028^ Rg. 8 schematicaNy shows a cross sectfoncrf one version of the proposed polarizer B^^^ 
of f3m 1 1 , on the surface of which fam appfied are: a pol^izing nrieans 

15, and a means for changhgpolariz£dion of beams 17 of polarized tight, nnplementedintheformof a sectioned trans- 

Ujcem hatf^wave birefringem plate, sections 21 of which plate are (fispos^ 

TT)e rneans for obliging polarization of beanrs 17 of the pol^ized It^ can also b^ 

tior^ translucent pofyrnerized bcrefringerrt layer of a liquid crystal hav^ th^ 

axis of the liqtMi crystal witNn thicloiessof said layer at angfo of 90<*. sections of wNch layer are also dispo^ 
focuses of said ^ume lenses 15. 

[0286] Operation of the proposed polarizer can be explained as follows (for the sake of clarity, in Rg. 8 the travel of 
raysofdHfererTtpolarizatfons17and 18. and. consequently, their extensions 22 and 23. is shown at the adjacent ele- 
mentary cells of the considered polarizer). Non-polarized 14 is incident on a fffst surface of a polarizer, wfiereon 
volume lenses 15 me cfisposed. 

[0287] Component 17. «neartyi)olarizedperpencficularty to the pattern plane, pas^ 

of a birefringem inaterial - optical axis 16 being cfisposed in the pattern pl^ 

equal to refraction index of the isotropic rnaterial of flm 1 1 - and having passed through s^ 

any refraction m the boundary of interface of lens 15 and fBm 11. so that Bght beam 17 retans the direction and shape 

of inddert Ight beam 1 4. Passing through the second boundary of fl m 1 1 , whereon secti 

lucent half-wave birefringert plate are disposed, fight beam 17 changes its polariza^ 

of the Kght polarized in the pattern plana Such charige of the polarization plane ^ 
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ties ol a transiucem hatf^wave birefring 

tkxi of the ttgWinc*JerTt thereon. Werv^ of the secrtkxied translucent half-wave birefrmgerrt pl^ 

do not practk^lly affect polarizatxxi ol parallel Bght beams 46. becau^ 

selected as to he much smaller than those of volume lenses 15 (for example, the trarisverse dimertsions of intend 
between sections 19 of a half-wave plate are 10 mem, and those of microlenses are 100-200 mem). Passing through 
volume lens 1 5 made of a birefringent material - optical axis 1 6 being disposed in the pattern plane, and the extraordi- 
nary refraction index exceeding refraction index of the isotro^^ 

ized in the pattern plane, having passed through lens 15. is focused on the second surfece d 
interval between two neighboiAing sections 21 of the sectioned translucent halfHAove birefringent plate oxJ then leav- 
ing the pol^izer in the form of divergerit light beam 23 that is polarized, as t>^^ in the pattern plana Thus, as the 
result of operation of this polarizer, energy of noniX)larized Itg^ 14 is converted into energy of the outcomtng highly 
polarized beams 1 3 and 20 having identical finear polarizatioa to an extent over 50%. 

[0288] Fig. 9 schematically shows a cross section of one version of the proposed polarizer implemented m the form 
of film 1 1 , on surface of which film applied are: a polarizing nrieans in 

leaving layers of the bir^ringent asia opticalty isotropic materials, and a means for changkig poteirization of beams 1 7 
and 1 a of the pol^ized light, implemented in the form of a sectioned translucent t>trefrtngent plate having sections 25 
in the form of quarter-wave plates disposed outside focuses of said amplitude zone plates 24, and having sections 26 
in the form of plates deterrnining the phase (fifference between the ordkf^ 

X from the phase cfifforence d^mined by said sections 25 in the fomi of quarter-wave plates disposed in focuses of 
said amplitude zone plates 24. 

[0289] Operation of the proposed polarizer can be ei^ined as follows (for darit^ 

ent polarizations 17 aid 1 8. and. consequently, the travel of their extensions 27 and 28, is shewn on nei^ibouring ele- 
mentary celts of the considered polarizer), ftovpoiartzed Oght 1 4 is incident on a first surface of a polarizer, whereon 
cfisposed are ampKtude zone plates 24. Uneady-polarized perpendicularly to the pattern plane conponenti 7, passi^ 
through arrplitude zone plate 24 made of interleaving layers of a bir^ngent anisotrop^ly ^bsortxng material and 
optically isc^ropic nraterial - optical axis 1 6 of said birefm^^ 

nary refraction index bang equal to refraction index of said isotropic material, having passed zone plate, is not reflected 

in any way from boundaries of ffiterface of interleaving birefringent ^ 

to re^ the direction and sh£^ of incident Bght beam 14. Beam of Bgm 17 that is li^ 

the pattem plane; passing through the second boundary of fim 1 1 . whereon, outside the fo^ 

plate 24. (fisposed are sections 25 of the sectioned transkjcent quarter-wave birefr^ 

thus forming parallel beam 27 of the droilarly polarized Bght Thereby the 

26, disposed in intervals t>etween sad sections 25 of the translucent quarter-wave birefringent pte^ end deterrrMng 
the phase cfifferefKe between the ordinary and extraorcfinary rays cfifferbig by n from the phase difference (tetennined 
by. said sections 25 of the translucent quarter-wave birefringent plate, does not pract^ 
light beanris 27, becmjse Its traisverse cfirnensions are selected to be 

anp^tude zone plate 24 (for exsnple, ttie transverse cfimensions of bir^ringent plate 26 are 10 mem, and the tr^is- 

versedirnensions of the anrf)litude zone plate are 100-200 nrK:m^ Unearty-polvized component 18, that is polarized in 

the pattem plane; passing through aiTipiHude zone plate 24 nr^ 

catty ^>sort)ing and optiC£dly isGfropic rnaterials - the optical axis 16 of ^ 

pattern plane, and the extraorcfinary refraction index thereof e)ceeding refractm 

ing passed zone plate 24, is focused on the second surf^ of fam 1 1 , whereon cfisposed are secti^ 

lucent birefringent plate 11 determining the phase cfifference between the occSnary and extraordinary rays, dtffering by 

ic from the phase difference determkied by sections 25 of the translucent 

wave plates arid wtien the convergent Bnear1yiX)larized in the pattern plan^ 

change its polarization, thus forrnirigcfivergent beam 28 of the circularly polarized Kght of the same sign as the drcularty 
polarized light in beam 27. Such change of the polarization plane of beams 17 and 18 is caused by the known optical 
properties of the appropriate translucent t^irefringent plates havvig the op 
of polarization of the Bg^ incident thereoa Thus, as the residt of operation of the pola^ 

14. tool extent over 50%. is converted into the energy of the outcoming highly polarized beams 27 and 28 having the 
identical circular polarization. 

[0290] Rg. lOshowsacrosssectionof one of the possible designs (rf an £OTiplitudez^ 

the proposed polarizer according to Fig. 9. fo design of amplitude zone plate 24, cross section of which plate is shown 

in Fig. 10, used are regions 1 of a birefringert anisolropically absort>ing rnaterid having refro 

nary ray. and ne of the extraorcfinary ray, whose conventionally designated opiical axes 1 6 are cfisposed in the pattern 

plane and positioned between layers of the optieaQy isotropic nrate^ and 32. having refraction index r^ Owing 

to this drcimistance. said arrplitude zone plate transrnits. without ch^ 

of the tight light beairts 5 that are polarized perpencfieularly to the pattern plane, forming at output of said anplitude 



32 



EP0961138A1 



zone plate a paraDel ligm beam 1 7, Bnearty-polarized pe^^ 

ing rays 2, bom of them being finearty-polarized mt^ fcxmbig from rays 29, owing to diffracti conver- 

gent beam 18 that is also finearty-polanzed in the pattern plana To provide the above-descnbed operation off said 
anpiitude zone plate, oertan relationshfps must be maintained between refraction tndk;es ne. rv> fight wavelength K 
thickness of layer 1. as weO as between tfucknesses layers 30 and 32 that provide the absence of transmission o« 
beams 2 Bnearlyi)olarized in the pattern plane by zones of said amplitu^ 
of a birefringert material owing to the phenomenon of interference in thin fims. F« 
10. this relationsNp has the form ol ad jn o + Xy2 = mX . where m is an integer r^ened » 

at output from the amplitude zone plate fonned are two Bght beams: the parallel one 1 7 and the convergent one 1 8, 
which beams have the Knear polarization in two mutually orthogonal planes. 

ptast] Fig 11 shows a cross section off a phase zone plate made of three layers, one 0* which 11 is tte 

and has refraction index ni, the other layer lis the birefringertatisotro absorbing one. having refraction index ni 

along axis 16 lying in the pattern plane, and n2 > ni along axis 33 perpen(ficu^ 

the latter layer 30 is the isotropic one. as the first orte. but having refraction 

lexers 1 and 30 have a surface profile allowRig them - under the condHion of meting said relationshtps between their 
refaction incfices - to serve as arrays of phase zone plates c^)able of cfi^ 
the nriituatty orthogon al planes. TTiese arrays of phase zone plates^ 
by hatf-width of one such phase zone Plata 

[0292] Operation of the phase zone plate shown in Fig 11 can be explained as follows. A of non-polarized Hght 14 
beffig a superposition of two Iffiearty-polarized orthogonally to one aiothe^ having passed through flat sur- 

tee of layer 1 1 0K) reached boundary 34 of layers 1 1 and 1 off the phase zone Plata pa^ 
1, is divided into two rays: ray 18 polarized in the pattern plana and ray 17 po^ 
plana Further, owing to the tet that refraction index o# isotropic layer ^ 

light wave polarized along axis 1 6 are identical, ray 2 that is also polarized along axis 1 6. passes through the phase 
zone plate having bound^34 of layers 11 and l.transfomriing itself M>r^ 18 traveling 
perpencficularly to the polarizer plane and having the sanrw polari^^ 

1^ 1 1 ml refraction index of birefringent layer 1 for the Bght wave polarized rfong axis 33 are not identical, ray 5. 
polarized along axis 33, passes through bouidary of layers 1 1 and 1 of the phase z 
ray 17 that is deflecled from the c&ection of propagation of ray 5 to the focus of sa« 

polarized perpencficul^ to the pattern plana continuing its. inclined to the layers' plane, propa^tion in layer 1, 
reaches another phase zone plate having bounday 35 between l^ers 1 and 30 and passes therethrough thereby 
transforming itself ffito ray 13 polaized. similarty to ray 17. perpendh:^^ 
30 without changing the directionJ.a rfong the cfirection of propagation of ray 
1^ 30 and refaction index of birefringem layer 1 for the light polarized 

tern plaia are identical. For the reason that retraction index of is(rtropic layer 30 and refraction index of brelringent 

layer 1 for the Bgm wave polarized along axis 16 are not identical, ray 18 pol^^ 

ary 35 of layers 1 and 30 of the phase zone Plata trarisfonTiing itself 

propagation of ray 18 to the focus of the phase zone plate having boundary 35 be^Meen 1^^ 

[02931 Fig, 12 schernatic^ shows a cn>ss section of a version of the proposed polaizer. whose p^^ 

inplemented in the fonn of ai of phase zone plates 34 a«l ^. design of whic^ 

22 aid 13 focused, respectively, t>y phase zone plates 35 and 34 ve collected in f« 

of the polanzer that is opposite to the surface whereon noniX)larized fight 14 

polarizer also dfeposed are sectfons 1 9 of a sectioned translucent h^-wave b^^ 

ing polarization cf the linearlyixtoized ligW beanria having t^ 

tion of the optical axis of said half -^vave plaAa They change polariz 

to the orthogonal polarization, converting them into fight beanris 20. Due to the action 

ing polarization, rays 20 and 36 that leave the polarizer becorne polar^ 

to the paltem plana Thua as the result of operation of the polarizer the energy of no^^ 14 is converted, 

to ai extern e»cee<&ig 50%. irrto the energy of the oulcoming highly pola^ Inear polar- 

ization m tfie same plaia 

[0294] The illustrated in Fig. 6 -9and12designsofrneansfordividmg each of the n^^ 
lineal-polarized fight bearns having differem rnutually orthogonal fine^ 
changng polarization of at least one of said lTOariyiX)l^ized ^ 
stons. 

[0295] Thua the use of a birefringertrnalerial having at least one refraction index growing 
polarized fight increasea allows to create a polarizer that wiU provide conversi^ 
the noThpolarized radiation into the polarized racfialion. while havff^ 
surfw» of wfwch film or plate ^jpRed is a polarizing niieans in the 
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birefringert layer and optically regislered wHh the ^ 
inf)lementedinthefnrmcyras^ translucent ba^efringent plate or a layer. 

A pnl^trixr bas ed on spolanzina means of Ihe reffectina frpe 

[0296] Fig. 1 3 schenrwlkally shows a cross sectk)ncf the proposed potent 

the fom) of one film or plate 11, on a first surface of whk^ weasystemof nicrolenses 

38 and a sectioned melanicnwror 37 opIicaBy re^stered wHh said sysleni of microlenses. and on the second surtax 

thereof ^ed is a rneans 39 for dividing the noni}olanzed light k>eann^ light 

bearns. that includes at least one layer of a cholesteric liquid cryst^ 

[02971 Operation of the proposed polarizer can be explained as foBc^ (for the sate 

rays is shown in a sinplified way. without taking into accourt the r^^ 

one miadens). ttoiixtoized light 14 is tnddem on a first surface of the polarizer an^ 

direction inside the polarizer, forrning light bearns41. Asecti^ 

polarized 1 4. because the trwisverBe <finf)ensions of its fight-reflect»ig elements are selected to be much smaller 
than the transverse c&nensions of rnioolenses (for exarrple. tfie trare 

»e10incn\OTdthetr€tfi5versecfirnensionsofrnicrotensesa^e100-^ The, fooBed by lenses 38, li^ beams 
41 reach rneans 39 for divicfing the noniwIarizedligW beams mto the p^ 
include at teast one layer of cholesteric Bc^d crystal. Thereby, ^jprox^ 

light beams 41 is converted into the energy of passing igfit beams 27, for example with the right cffoto pdarizalion 
(the direction of the circular polarization of the passing bearns is opposite to t^ 

estericfc^crystaO- The other half of the Bght energy of non-polarized is converted into the energy of 

the reflected fi^ bearns 40, in this case - with the left circula^ polariza^ 

the reflected figWbearns coincides with the sign of the spiral of the used ch^ The reflected light 

beams 40 having the left circular polarization are focused into a poirt on the 1^ elements of metallic mirror 

37 (for this pwpose, the focal distance, or in other words, focal power of nr^^ Tbe. 
reflecled from metanic minor 37. ligW beams 28 have the ri^ circular polariza^ 

to potoization off light bearns 30 that irrptfige on nfwtafc 

opikal properties of a m^ic mirror. IJ^ bearns 28, having the rig^ circular polarizalioa pass through th^ 
the cholesteric liquW crystal, %wthout any changa Tlius, as the resuft 
ized BgW 14 practicany coirpletely is converted into the energy of the ou^ 
identic^ drato polarization of an high degree. 

[02981 F=br the purpose to broaden the operating wavelength rmge of the polarizer, the rne^ 
polarized B^ t>eafns into the polarized passing and reflected 1^ bean^ 
fringent 1^, includes at least three layers off cholesteric BcMd 
three different spectrum regions. 

[0299] fo the sane, a another version of the polarizer having a broadened opeialingwaw^ 
1^ of a cholesteric Bqiid crystal has ^n)6S its thkdoiess a gpradtem 
has the spectrum width off the Bght selective reflection band off not less than 100 nm. 
[0300] Preferdbfo is a polarizer, characterized in that at least one layer off a cholesteri^ 
ymer cffwiesteric Squid crystal. 

[03011 Toavoidenergylossesofftheckculartypolarizedlightintothelnearty-^^ 

tzer, a (pjater-wave pte^ can be adcition^ positioned at output ^ 

[0302] l=ig. 14 schematically shows a general view of the proposed pol^izer, whose c^ 

The polaizer is implemented in the form of one fSm or plate 11. on a first surface of which film or plate sec^ 

^jpfied are a system of nwcrolenses 38 and a sectioned rnelafiic minor 37 op 

rdenses, and on a second surface thereof applied is means 39 for diving the non-polarized fight beams into the polar- 
ized passing and reflected fight beams, that includes at least one layer of a cholesteric fiqMd crystal. As the resuft of 
operation off the polarizer, energy of non-polarized B^ 14, practically completely, is converted into the energy of polar- 
ized bearns 27 and 28 having the identical circular polarization. 

[0303] Fig. 15 scheinatically shows a cross section of the proposed polarizer according to an^ 
mented in the fomi of one fim or plate 1 1 . on a first surface off which fam or plate a^ 

38 and sectioned rnetalfic minor 37 optically registered with said astern of mk^^ 

mirror 37 positioned is quarter^¥ave plate 25 that is sectioned, i.e covering at least the entire surface of sectioned 
m^ic nwror 37. as shown in Fig. 15, or non-sectioned, i.e. covering entirety the first surface off the polarizer. On the 
second surface of flm 1 1 applied is mea« 42 for divicfing the norvpolarized B^ be 
reflected Bghl beains, inclufing at least one birefringent layer having tt^ 
of the optical axes. 
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[0304] Operation of the proposed potoizer can be e»^^ 

rays is shown in a simplfied wHhoul taking into 

one microlens). ^lor>polarized 1^14 is incident on a first surface o*t^ 

cfirection inside the polarizer, lorirtngBfi^rt beams 4 mirror 37 does not practicaily shield the noo- 

polarized Kght 14, because the tr»isverse dnriensions of its Ggm-re^ 

than the transwrse (finriensions of nricrolenses (for CD^^ 

ge 10 mem, and the transverse dirnensions of miCTdenses are 100-200 rncm).^ 

41 reach means 42 for dividing the noniX)larizedightbeanre k^ 

include at least one birefringent layer having the constant, across the layer thickness, drections the optical axes. 
Therety, approxima te ly an half of the ightertergy of nor>i)olarizedBghtt)^^ is converted into the energy d pass- 
ing fight beams 17. having, for exariple, the Knearpolarizatkxi that is perpendkajlar to t^ 

of the BgW energy of non-polarized light beams 41 is converted into the energy of the reflected beams 3. in this 
case - %tfith the linear polarization that is parallel to the pattern plana The reflected 6^ t>eams 3, having the Ihear 
polarizatfon that is paraDel to the pattern plane, pass through quarter-wave pl^ 
light-reflecling elernerts of nietalfic nfwior 

roienses 38 is selected properly. The reflecled from metallic minor 37 aid passed again through quarter-wrave plate 
25 beans 13 have the fine^ polariztffon that is perpendkato to the pattern pl^ 
polarizatfon of light be»ns 7 that ^e inckiert on nrietaOk: nwror 3 

krxMvn properties of the combinatfon of a quarter-wave plate and a melalRc minor. Light beans 13, having the linear 
polarizatkxi that is perpendk^ular to the pattern plane, pass without any change through the birdringent layer having 
constant across the layer thkioiess, c&^ectfons of the optk:^ axes. Thus, as the re^ 

energy of norvpolarized Bght 14 pradfcalty complete^ is converted into the energy of outcorriing polarized beans 1 
and 13 that have the kientk»l higlMiegree linear polarizatfon On this c^ 
pattern pisie). 

pt30Sl Fig. 1 6 scfieinatk:dly shows a cross sectkxi of the proposed polarizer, iripl^^ 
plate 1 1, on a first surface of whk:h tarn or plate ^3pKed is sectfoned m^^ 

tam sequentially api^ed are a system of rncrolenses 38 optksDy registered with sectfons of metallic mirror 37, and 
means 39 for cfivkjkig the non-polarized fight beains into the pol^^ 
least one layer of a cholesteric fiquki crystal. 

[0306] Operatfon of the proposed po^rizer can t>e explained as folkws (for the sake 16 the travel of 

rays is shown ki a smplffied wa^ without taking into account the relr^^ 

one mkyoten^. Iton-polarized fight 14 passes through fBm 1 1 and ^stOT 

converts the inconring noi>polarized fight 14 into a plurality 

cfivkfng the non-polarized light bearns into the polarized passi^ 

1^ of a cholesteric fiquid crystrf. Sectraned metaDk; nwTor 37 does not pcactfo 

because the transverse cfiinensfons of its fight-deflecting elenrie^ 

(ftrnensfors of nricrolerises (for exvrpie; the transverse <firner 

transverse dinriensfons of rwcrotenses are 100^00 incm). For this reas^ 

the nor>pol^ed figm be»ns. having passed through polarizng rneans 39, is cor«^^ 

beams 27, havkig, for eK^rple, the right circular polaizatfon (the cfirectfon of the circular polwizatfon of the passing 
fight beans is opposite to the sign of the spiral of the used cholesteric fiqukj crystaQ. Th^ 
of the noniaotetfizedightboOTS is convert e d kTto the energy of the reflected fi^ 
circular poivizatfon (the (firectfon of ttie circular polvizaAkm 

spkal of the used cholesteric IkjukJ crystaO- Li^ beams 40, having the left circular potoiz^fon and reflected from 
polarizing iTieans 39 and having passed once agan the system of rnkyolenses 

refteding elemenis of metalfic minor 37 flbr this purpose, the focal dfetance, or in other words, focal power cf mforo- 
lenses 38 is selected property). The, reflected from melaBk: minor 37, BgW beams 28 have tte 
i.a the polarizatk)n that is opposite to polarizatton of KgW bearns 40 that are incdem ^ 
of the polarizatfon is caused by the known properties of a nrietaHk: minor, li^ 

izatfon, pass without any change through a layer of cholesteric TiqukJ crystal. Thus, as the result of operatfon of the 

polarizer, the energy of noTHwIarized BgW 14 praclfo^ comply is converted 

beans 27 and 28 that have the kfontk:^ Nghndegree inear polarizatxsn. 

[0307] Aniorepreferabteisapol»izeraccatfingtothekiventk)n,chMacterized^ 

teric tiqukl crystal has, across thkio^ess. a gracient of the cholesleric spi^ 

vvkAh of the li^ selective reflectfon band of not less than 100 nm. 

[0308] Fig. 1 7 schematKaOy shows a cross sectfonot the proposed polarizer, irTY)lement^ 

plate 11, on a first surface of whkrfifBm or plate appfied is sectfonednfietaHw Upstream of sectfoned metalBc 

mkror 37 c^ed is quarter wave plate 25 that is sectfoned, i.e. covering at least the entire surface of sectfoned metalfic 
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mirror 37, as shown in Fig. 17. or is the non-sectioned one, i.e covering entirely the first surface of the polarizer. On the 
second surface of the f3m sequentiany applied are a system of microlenses 38 optically regpstered with sections of 
metaDic minor 37. and rneans 42 for (M(fing the norvf)ol^^ 

beams. Including at least one Ijtrefringent layer having the constoit, across the layer thickness, directions of the optical 
axes. 

[0309] Operation of the proposed polarizer can be escplained as foOcws (fx ^ 17thetravelof 
rays is shewn in a sirnplified way, without taMng into accoum the r^rac^ 

one microlens). Non-polarized fight 14 passes through film or plate 11 and system of microlenses 38, which system by 
focusmg converts the incoming non-polarized Hght 14 into a plurality of identical tight beams. These beams reach 
means 42 for dMcfing the norvpolarized ligM bearns into the polarized passing and reflected li^bearns, that includes 
at least one brefringent layer having the constant across the layer thickness, cfirections of the optical axes. Sectkmed 
metamc minor 37 does not practkalty shieM the non-polarized fight 14, because the transverse <fimensk>ns of its fight- 
reflecting elements are selected to be nxich smaller than the transverse dimensk)ns of mkTolenses ifof example, the 
transverse dimensk>ns of the figfit-reHecting elements are 1 0 mem. and the transverse cfimensk>ns of incrolenses are 
100-200 mem). Fw this reason, approodmately an haH of the ligW energy of non-polari^ 

throu^ polar^tng means 42. is converted into the energy of passing fight beams 1 7. having, for example, the finear 

polarizatk)n that is perpencficular to the pattern plane The other half o^ 

is converted into the energy of the reflected fis^ bearns 3. in this case - with the finear 

pattern plane. Light beams 3 reflected from polarizing means 42 and having passed once again the system of rreao- 

lenses 38, pass through quarter-wave plate 25 and are focused into a point on the fight-reflecting elements of melalBc 

mirror 37 (for this purpose, the focal distance, or in other words, focal power d mk?olenses 38 is selected property) . 

The passed through quarter-wave plate 25, reflected from metalBc mirror 37 and passed once again quarter-wave plate 

25, fight beoT0 13 have the finear polarizatk)n that is perpencficular to the pattern 

of fis^ beams 3 that are incident on rnetric rnirror 37. Such ch£ffige of th^ 

of the comb in atton of a quarter-wave plate and rnetallfcrninor.lJgmbearre 

pencficular to the pattern plane; pass ¥wthout any chan^ tfvough the birefri 

layer thk^kness, directions of the optkal axea Thus, as the result of operatk^ 

ized fight 14 practk:^ completely is oorwerted into tfie ertergy of outcoming pol^^ 

kientkal higfHtegree linear pol^ization (in this 

[0310] Rg. 18 schernatkaOy shows a cross sectk>n of the proposed polar^ of another verskn 

form of twa for example, larninatedfarns or plates 11 anddO.ontheexterndsurfaceofwhchfilmorplate^ipliedisa 

system of nncR)lenses 38, on the intenial surface of the first or second fa^ mirror 

37, aid on the external surface of the second fOm or plate sequentially applied are tfie second system of rncrolenses 

38, optkaOy registered with sectk)ns of metalfic mirror 37 and with the first system of nvcrolenses. mid means 39 for 
cfivkfing the non-polarized fight beams into the polled passing »kI reflected figmbearn^ including at least one layer 
of a cholesteric Ik^ crystal. 

[0311] Operatk)n of the proposed polarizer can be explained as foOows (for tto 

rays is shown in a simpmied way, only for one mk:rolens). rJonf)^^ 

rolenses 3a whkrfi system converts the k¥»mkig noniwteized Ifi^it 14 ^ 

fcx:uses them on the places ol the internal surface of the first fBm or plate that a^ 

rnmr 37. Mer passing through the focus, be»ns 41 pass through the second ^s^ 

39 for dMfing the non-polarized fi£^ beams into the polled pa 

one layer of a cholest e rk;Bqukicryst^ApprDPdmately»i half ol the Bgm energy^ 

tng p^sed polarizing rneans 39. is converted into the energy of passing fight beam 27. hav^ 

orcufa- polarization (the direction of the circular polarizatfon of the passing fight beams is opposite to the ^ of the 

spiral of the used cholestericlk?ukl crystaO- The other halt of the ligW energy of the non-polarized fight beams is con^ 

verted into the energy of the reflected fight beams 40, in this case -with the left circular polarizatton (the cfirectk)n of the 

droiar polarizatkxi of tt^ reflected ligm beains coffxx^ 

t^. The left circular polarizatkx) light bearns 40 reflected from polarizing rriea^ 

second system of mkTolenses 38. have the parallel rays, i.e. beams 40 are focused in the infinity (ftx this purpose, the 

focal cfistance. a in ofher words, focal power of rnk^rolenses 38 is selected pro^ 

rnirn)r 37, fight beenris 40 are converted into fight beanis 28 that have the rigm circuit 

that is opposite to the polarization of Bfi^ beanns 40 that are incktem on tnetalfic rn^ 

zatkin is caused by the known properties of a rnetatfic rnirror. Sectioned nrietaK 

beams 40, L& no toss of the fi^ energy takes place, because the transverse diniensnns of tt)ek)^^ 

fight-reflecting elements are absent, are selected to be much smaller than tiie transverse dknensfons of rncrolenses 

(for example, the transverse (fimenstons of such kxatkxis are 10 mem. and the tr a nsverse dimenstons of nricroienses 

are 100-200 nxTn). Light bearns 28 having the rigm circular polarizat^ 
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system of microtenses and the cholesterfc 

but they are converted into convergent beams owing to passage through the second sy^em of lenses. Thus, as the 
result of operation of the polarizer, the energy of non-polarized light 14 practically completely is converted into the 
energy of outconnng polarized bearns 27 and 28 that have the identical higlxiegree drato polarization. 
[0312] Fig. 19 schemalicany shows a cross section of the proposed polarizer according to another version, 
mentedintheiormoftwaforeoample. laminated filrns or plates 11 and 30. On external surface of the first fim or pla^ 
applied is a first system of microlenses 38. on the internal surface of, for exanrple. the first fim appied is sectioned 
ntetalScnrirror 37, whereon appfied is a <^jarter-wave plate co¥^^ minor 37 and, 

possibly, to stnpGfy the used ^ication technique, also the locations n^ 
the external siffface of the second film or plate sec^jentially appfie^ 

regstered with sections of metallic mirror 37 and with the first system of nicrolenses, and nteans 42 for cfivicfing the 
non-polarized light beams into the polarized passing and reflected light beams* including at least one birefringent layer 
having the constart across the l^er thickness, directions of the optical axes. 

[031^ Operation of the proposed polarizer can be eocplained as follows (for the sate ISthetravelof 
theraysisshowninaswrplifiedway.oilyforonenriicroJens first system of 

microlenses 38, which system converts the incorning non-polarized light 14 into a plurafity of identical light beams 41 
and focuses them on the k)cation5 of the internal surface of the first fim that are ^ 
minor 37. After passing through the focus, beams 41 pass through the second system of in^ 
42 for divic&ig the non-polarized Bghl beanre into the polarized passing and refl^^ 
one bir^ringent layer having the constant, across the layer thickness, 

half of the light energy of the norvpolarized light beanre, having passed polarizing means 42, is converted into the 
energy of passing Bght beanre 1 7, having, for example, the Bnear polarization 

The other half of the Bght energy of the norvpolarized light beams is converted into the energy of the reflected light 
beams 3. in this case, having the Bnear polarization that is parallel to tf^ having passed 

through quarter-wave plate ^, reflected from metallw rrtm)r 37 and 
plate 25, have the Ikiear polarizalion that is perpendk:ular to the pattern p^ 
polvizatfon of Bght bearns 3 that are tnckf ent on rnetaltic rnirror 37. Su^ 

optical properties of the combination of a quarter-wave plate and m^ic mirror. Sectfoned me^lic mirror 37 practically 
conplelely reflects beams 3. La no toss of the BgW energy takes place, because the trare 
tkxis. wherein the fight-reflecting elentents are £dbsent, are seled 

of microlenses (for example, tfie transverse dmensfons of such focatfons are 10 mem. and tfte transverse dimensfons 

of mforolenses are 100-200 mm). Light beams 13 having the finear polarizatfon that is perpendkailar to the pattern 

plane, pass through the birefrmgem layer having the constant, across the layer 

wittiout a change in the polarization arKi intensity state, but they are converted i^ 

through the second system o# lenses. TTws, as the resutt 0* operatfon of the polarizer 

UgW 14 practfc^ completely is concerted irito tfie energy 0* outcoiYi^ 

degree identic^ finear polarization (whkii polarization in this case is pe^^ 

[0314] f=ig. 20 schematically shows a cross sectfon of the proposed polari^ 

for e(arTV)le, laminatedfSms or plates 11 aid 30. On the extern^ sw^ 

prisms 43. on the interna! surface ol the first or second fim or plate 

istered with ^stem ol microprisrns 43. On the external surface of the second fim or p^ 

39 for diviifing the norvtwiarized bearns into the polarized passk^ 

layer of a cholesteric yquid crystal. 

[0315] Operation of the proposed polarizer can be explained as folfows (for tte 
rays is shown *m a simpWied way) . ftovpolarized light 1 4 passes tt^ 
verts the incoming non^wlarized BgW 14 kito a plurality of identic^ 
deflected from the perpendicular to the film plane by the left and right stope^ 
right and to the left, respectively On this version refractk>n index of the rnk:r^^ 

that of the ftornaterial), and pass the focatfons in sectfoned rnetallicmirTw ele- 
ments of metallfo mirror 37. Then the non-polarized beams reach polarizing n>eans 39 for divkiing the non-polarized 
light beans into the polarized passing and reflected igm bearns, that includes at 
crystd. /^pprtsdmately an h^ of the Bght energy of the nof>polari^ 
39. is concerted into the energy 0* passfog bearns 27. having, for exari^ 
tfon of the craiar polarization of the passing light bearns is opposite to the si^ 
liquid crystaQ. TT)e other half of the light energy ol the non-polarized ligm bea^ 
reflected light beams 40, in this case - with the left circular polarizatfon (the directfon ol the dro^ 
reflected li^ beams coincktes with the sign of the spiral of the used cholesteric lk|ufo crystd). Ug^rt beams 40 after 
being reflected from rnetaBcrnirror 37 are converted mtoligWbearns i.e.the 
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polarization lhat is opposite to the polvizalm g4 1^ 

the polarization is caused by the known optical properties of a metallic mirror. Sectioned metallic mirror 37 practicalty 
completely reflects t>eams 40, i.& no loss of the light energy takes place, because the transverse tfmensions of the 
BgW-feftecting elements are selected to be equal to or sS^itty exc^ 
beams 28 having the right ctroilar polarizatioa pass through a layer of a ch^ 

the polarizalion and intensity slate. Thus, as the resuHo* operation o# the polarizer, the energy o#norvtx)l^ 
practically completety, is converted into the energy of outcoming polarized beams 27 and 28 that have the identical 
high-degree c^cutar polarization. 

[0316] System of microprisms 43, ^)plied on the external surface of the first fim can 

tion that is extern^ to the tarn Microprisms can have other shape than t^^ 

[0317] Fig. 21 schetnatically shows a cross section of the proposed version Ola polarizer, in^ 

tm, for exaripte, lanrvnated firns or plates 1 1 and 30. On the external 

of microprisms 43. on the internal surface of the first film or plate sequentially appfied are sectioned metanic mirror 37 

optically registered with system of microprisms 43 , and a quarter-wave plate 25 that covers, if necessary, all sections 

of metallic rnOTor 37 and, possibly, to simpirfy the appfication te^^ 

tions ol rnet^lic rnirror 37. On the external surface of the second film 

polarized ligm beanis into the polarized passmg and reflected ligM 

ing the constat across the layer tNckness, directions of the optk;al axes. 

[9318] Operatx)n of the proposed polarizer can be explained as fc>aows(^ 

rays is shown in a swi^lified way). Iton-polarized light 14 passes thro^ 

verts the incornng non-polarized light 14 into a plurality^ lightbeams41,havingparBllel rays. Beams 41 are 

deflected tnom the perpencficular to the film plaiie by the left and 

and to the left, respectively, and pass throu^ the kx^ations in sectioned melallk; mirror 37 nc4 occupied by the 
li^itH-eflecting elements of metaOk; mirror 37. Then non-polarized beams reach polarizing means 42 lor divkling the 
non^wlarized Bght beams into the polarized passing and reflected Bght beams that inchxJe at least one birefringent 
layer having the constant across the layer thickness, cfirectwns of the op^ 
energy of the nonpolarized ligM bearns 41 . having passed polarizing rneans 42. is 
fight beams 17, having, for exanple. the linear polarization that is perp^^ 
the BgW energy of norvpolarized light beanre 41 is converted into the energy o# ^ 

having the Gnear polarizatkxi that is paraBel to the pattern planeL Li^ beams 13 that passed through quarter^Mave 
plate 25, reflected from rneteBk; rninor 37 and passed, once agaia through quarter^^^ 

ization that is perpencficiiar to trie pattem plane, i.&1hepolarizatk)nthalisorthogonaltopolarizationof beenls3inci- 
dert on metalfic riirior 37. Such change of the polarization is ca^ 

of a quarter-wave plate and rnetatlx:rT«rTor.Sectk>nedrne^ i e.no 

toss of the tigW energy takes place, because the transverse dirnensi^ 

be equal to or sfightty exceeding the trstfisverse (£rnensk>ns of bearns a LigM bea^ 

that is perpendicular to the pattern plane pass through polaizing nrieans 42, w^ 

^intensity. 

[0319] TTiusy as the result of operation of the polarizer, the energy of non-polar^ 
converted into the energy of outconvng polarized beanis 17 aid 13 that have tte 
tion. 

[0320] Other possSieverstons of aspect errtedrnem of the proposed polarizer are not 11^ 
descnt)ed abovei 

Examptes of tf?e darned /-C/etefligfTte in the ttiernos^ 

[0321] An LCincficator shown in Rg. 22 consists of tvvo plates 44 and 45 that can be made 0^ 

rispd or fiexiDle transparent material. On the internal surfaces of these plates that face a layer of nematic Gquid crystal 

52. applied are transparent electrodes 46, 47. Over the transparent electroctes applied are insulation films 48, 49 of a 

polymer or other material that smoothens the surface profile and provides homogeneous properties for entire surface 

of aplate Pdlartzing coatings 50, 51 are appyed on these filrns and are oriented inutuaBy perpendicularty by transrr^ 

sion axes on plates 44 esnd 45. Ihe polarizing coatings themselves are orientants for molecties of this nematic Bqiid 

crystal. 

[(^22] Ftg. 23 shows another verston of the transmissive LC incficator. wherein on surface of plates 44 and 45 first 
^ied are polarizing coatings 50, 51 protected by fOms 48, 49. and then transparent electrodes 46. 47 are positioned. 
Over the electrodes ^splied are fflrns 53, 54 that oriem the LCnenrat^ In this desiga provided are smocthness of sur- 
face, ttiat is required for the polarizing coating, and ifs insulation from the crystal layer, which circumstance 
ensures that tons or HTKilecules of other substances that can be contained in the po^ 
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coating. 

[0323] In the reflecting verskxiol a LCindk;ator(Fi^ 

materiais, for exainple, of a crystaKne eiticon. On this second plate, fight-reflecting layer 55 is formed. The reflecting 

layer can be obtained by application on ai alunriinium 

certain shape having the relraction index other than that of a polynrier, a^ 

a suspension of an ahjnwtium powder or other ntaterial that wefl reflects or by creating a surface profie on the 
plate surfece, on which surface profie reflecting layer 55, for exarrple an alunrinium fim. is appT^ 
tee proflle can be formed t>ytreatniem of the surface by an abrasive material, b^ application of a 

polymer fflm containing partides 0* certain shape and size, or by the selective etc« 

the plate itself, or of the polymer fim. or other material appBed thereon. The rfumtnium film can also serve as a contin- 
uous electrode. By etching, using photoBthofi^aphy tectiniques. a narrow strp of aluminium according to a pre-deter- 
mined contour 10-100 mem in widlti, electrodes of the rec^red configurate 

rectangles for flat display matrix screens, thereby r^ning the general reflecting background on the whole operation 
fleld of an indicata. A polarizing coating is ^ied drectly on a reflecting coat^ 
lay er that is formed on a reflector. 

[0324] If a reflecting l^er, for any reasons, cannot be used as an electrode, or if it is made 0* a noThC^ 
rid, in ttiis case electrodes are applied on an insulaJing sublayer or <fr 

oodde.sirtconGDdde or other (fielecinc materia can be u^ In that case a polarizing coating 

can l>e appGed both on a reflector and electrodes. 

[0325] R)r the colour compensation in the trarismissive version of LCinc^^ 

adcfitional anisotropic layer 1 having a preKletermined optical thickr)ess and disposed in the secord p^ 
is further used Said layer 1 cmi be located immediately on polarizing coating 51 or on layers 49, 47 or 54 (Fig. 23) 
appBed thereon. An optically anisotropic layer is formed by application o# a po^ 
cules are oriented in a jpre^^ennined direction under action of electromagn^ 

this layer £^ted, or after it is ^ipfied. Further. It is possisle to use a photo-anisotropic material that allows to obtain 
^tisotropic films, having a specffied difference of the optical tra^ ellipsoid, by 

photo-polyrnerization of the film nrtafterial by nieans of a polarized light [Pat 
[0326] In the reflecting version of a LCincficator with a superlwist-neni^ 
cfisposed on both plates between polarizers nray be requa-ed They can 
layers applied thereoa 

[CW27] Using the photDlithogr^)hy or printing techniques for application of dyes, aid usi 
polarizing l^er having regions ¥«th cfifferert colours can be obtan^ 
ergonomic cap^bHities of an mdicator. 

[0328] Aocofcfing to the invention a LC cell can be provided with a Bght-switcNng feature; on one of ttie polarizing 

coating a neutral gray cokw is applied, on the other one ^ied are two polarizing coatings 51 aid 56 (Fig. 26) - 

<firectly one over the other, or through non-absorbing layer 11 that separates th aid 

56 have differertt cokxirs, aid their polarization axes are rnutu^ perpenc^^ 

[0329] Arran^rnemofpolaizingelefnentsffisideacettalkiwstore^z^ 

(Fig. 27). In one of the versions, a polaizingcoatttig is appfiedcfirectly on colour matrix 5^ 

transpaent electrodes 47, or ion sublayer 49. 

[03301 A colour inairix or pattern can be prepared by sputtering throu^ a photoresist nrtasKw^ 

of a polyrner laya by an appropriate dye using ^ stenca-printing technic^ies, or by 0^ 

appreciated that arangernem of a polarizer and a colour nriatrix rel^^ 

for the invention and is (teternrvned by technology factors of applicatm 

[P331] Principle of operation of a LC indicator having polarizing elertientscfisp^ 

an exarple of the transmissive version of LC kKficator based on 

stream is incident on an incficator from the first plate side. This light having passed through substrate 44, transpaent 

electrode 46 and smoothing sub-laya 48, is polarized whie passing through polarizK^ If there is no voltage 

across the electrodes, the light passes through liquid crystal layer 52. thereby rotating its polarization plane by 90**, aid 

passes, without attenuation, through the second polarizing layer, sub-layer 49. transpaent electrode 47 and plate 45. 

Thereby the eleclrodes* region will appea to be Sght When a voltage is appfied to electro 

unda action of the electric field, will traisrt irito the honrieotropic f^ 

pencficulariy to the plaie of plates 44 and 45, aid ft stops to rotate the polarization 

throu^ It means that when light passes ttwou^ the nernaticlaya. the deternined by polariza» 

polarization direction vvil not change and at output of nernatic 52 it will be perpend 

second polariza 51 . When li^ passes through polariza 51 . the tight is absort>ed, aid tte reg^ 

In the indicator recpons having no electrodes, the twisted form of nemalic wi be always retained, and these regions 

always appea as light. 
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10332] For the reason that when ight is reflected, the c^e^^ 

ing type d indkators the operatk)n principle wfll be t^ 

does not pass through substrate 45. but passes twk;6 through all other el^^ 

pmsi lnthecaseofLCin(ficatorbasedonasupertw^-nematic(Fig.25).the^^ 

50. passes thnxig^ a supertwist-ftemalic and is converted into th^ 

a certain colour depending on the optical difference of wavelength. The opti^^ 

our (rf the Bgm passing therethrough such that at output of a ce8 its becomes nonK^ 

duce a necessary dyeing am^ to the initial orientation of the polarizing coating axes relative to one another, and ttie 
arusotropk: layer arid tfie thicloiess of tfie aivsotropic l^er. When a vo^ 
crystal is converted from the hvisted state into the ttfvaxial state ^ 

reason the light passes therethrough without a change of the polarization plane direction. While passing ttvough the 
anisotropic la^, the light acquires the drojlar or eOiptical polarizatm 
a colouring that is adcfitional to the colouring cf the turned-cff state. 

[0334] Operation of the Bght switch is explained in Fig. 26. After passing through first polarizing layer 50. the ight in 
the tumedcff mode passes through the nematic, having the polarization plane rotation of 90". &n6 passes through 
polarizing l^er 56. whose axis is oriented perpencficulariy to axis of the first polarizing coating 50. and abisorbed by 
second 1^ of (fichroic polarizer 51 . whose polarization axis (firection ^ 

is turned on. the Bght passage plane (firection, whaepasskig through a LC. does not change, and the Bght is ab6ort>ed 
by (Schroic polarizer 56 and dyed in other colour. 

[0335] In the case of matrix colour LCI element (Fig. 27), the li^ passes, when the element is turned off. through 
polarizer 50. through the LC. throu^ second neutral polar^ 51 . and is selectively absorbed by dye 57. The element 
thereby ^spears to be dyed in an ^)propriatecok>ur. When the elenient is tur^ on. the light is polarized by polarizer 
50, passes, without a rotation of the polarization plane, through the LC layer. mJ is blocked by polarizer 51. As the 
resiit. this element ^3pears to t>e a dark one. 

[0336] At least one pol^izing coating used in any of the LC indicators desic^ shown m Figs. 22 - 27 can be inple- 
mented in the txm of a pol^izer of the interierence type. 

[0337] IndesignsofthetranslucentLCindicatofsprovicfingfflTangenrief^ofpolarK^ 

parent plates 44 aid 45 (Figs. 22. 23. 25 - 27). possftiie is the use of at least one polarizer that converts over 50% of 

tfie polarized light iTKident thereon into the one ineo- polarization Bght 

[9338] Tfn^ use (rf an high-efficiency polarizer corrpisffig at least one birelringem 

having at least one relraction index that grows as the polarized light wavelength 

a colour and monochionrie LC elernent, types of which eleniem are not IM^ 

is (fistinginshed by an higher bri^YtnesSv cok>ur saturation, goo^ 

RIed of Application of the Invention: 

P3391 The dairned polarizer can be used in lurninairs, optical rnodulators.rna^ 
tection of securities, tradeinvl^ in production of polarizing fibns, glass, ir 

tive industry; constmctioa architecture, advertising, and also for production of consumer goods such as sun-glasses. 
sNeUs. 

[034(q ThedsmedBcMcH^rystelincfoatingelernertcanbeu^ 
poses, lor exairpfe in flat GquidKyystal dteplays, inchx^ thos^ 

LIST 

of reference numerals and designations of elements shown ffi drawings 
[0341] 

1 - birefringent layer 

2; 29 - corriponem of incident Bght. finearly-polarized in the pattern pl€m 

3; 4; 12 -component of reflected light. lineartyi)olarized in the patlem plane 

5 - conponert of inddenl fight line»tyi)olarized perpendic^ 

6; 7 - ojnponert of reflected BghL tinearty-polarized perpendicularty 

8; 9; 10 -graphs of refraction Mex against Bght wavelength 

1 1 ; 30: 31 ; 32 -isotropic layer 

14; 41 - non-polarized ray (incident or passirig) 

15 - lenses of a t>irefringent materia 

16; 33 - convention^ desi^tation ol the optical axis of a brefringertt layer 
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17; 13;20;36-a3rnponenlofp3Ssmgight.Bnearty-po^ 

1 8; 23: 22 - component of passing Kght. finearty-polarized in the pattern plane 

19; 21 -sectk>ns of hatfHM«\fephaseKielaying plates 

24 - amplitude zone plate 

25; 26 - sectkxis of a quarter-wave phase-delaying plate 
28; 28 - drcular-polarized passmg light 

34; 35 - surface profSe boundary of cfielectric layers of the phase zone plate 

37 - metallic mirror 

38- lenses of an isotropic material 

39 - layer of cholesteric LC 

40 - drcula'-polarized reflected light 

42- polarizing means for dividing non-polarized light into the passing and Knearty-pol^ized components (one-iayer 
or multi-layer means) 
43^ microprisms 

44-44; 45 - w^ls of LC ceK (substrate) 
4S46; 47 - electrodes in a LC cell 
48; 49 - insulating films m LCI 
50; 51 ; 56 -(fichroic polarizer in LC cell 
52 - layer of nematic LC in LC cell 
53; 54 - orienting layer in LC ceQ 
55 - reflecting l^er in LC cell 
57-<x)lour matrix in LCI 

Claims 

1 . A polarizer, induct at least one birefrarger^ layer, characterized m 

sotropicaily ^bsortxng one and has at least one r^raction index that grows as tfie polarized light mvelength 
inaeeses. 

2. The polarizer accorcing to datm 1. characterized ^ that at least one bir 
has at least one retectton Mex that is drectly proportiortal to the polari 
3w The p olar i zer according to dam 1, characterized in that at teast one 

has a thickness, whereat the interference extrenrKim at output of the polarizer is realized for at least one linearly- 
polarized figtrt component 

4. The po l ar iz er acconfing to daim 3, characterized in that thickness of at least one birefringent antsotropically 
absortmg layer satisfies the condition of obtaining, at output of th^ 

earty-polarized light conrponent and the interference maximum for other orttK)goraJ Bnearty-polarized compo- 
nent 

& The polarizer acoorc&ig to ctom 1. characterized in further comprising at least one oplic^ly isotropic layer, 
whose refraction index coincides vwth, or maxim^ prcmnate to OTO 

6. The polar i zer accowfing to dam 1. characterized in further compris in g ^lea^ 
tion Didex of which layer oxncktes wHh, or maxirnaOy proM 

absortMTig layer, ml the second refraction incfices of the birefiringe^ 
ing layer cfiffer from one aiother. 

7. The polarizer accofc&ig to dam 1, characterized in that at toast one birefrk)^ 
corrprises at least two fragments of an unspecmed sh^ that (fiffer fir^ 

the polarization axis direction. 

8. The polarizer accorcing to daim 7, characterized \n frjrther comprising at least one bir^ngent anisotropicaBy 
dssorfoffig l^er comprising at least two fragrnents of an unspecified sh^ 

of cokxr andfor the polarization axis direction. 

9. The polarizer according to daim 8, characterized in that between two birefringent anisotropically ^tvsorbing lay- 
ers said polarizer further comprises layers of transparent cokxiriess or dyed rnateria^ 

ia The polarizer aocordng to dam 1 , chaacterized in frirther a)rTprising an one 
materials and/br cfifferent polymer materials. 

1 1 . The polarizer according to daim 1 , characterized in further conriprising a Bght-reH^^ 

12. The polarfzer aocordUig to dam 1 1 , charaderized in that the li^-reflected la^ 

13. The polarizer acoorc&ig to dann 1. chaaderized in that at least one birefringent anisotropically ^:>sorfoing 
layer is formed on surfece of a substrata 

14. T?^ polarizer according to daim 13. characterized in that said polarizer as the substrate, cornprises a birefrin- 
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gerrt plate or fara at least one birefringem anisoftr^^ 
optical axis of said plate or fini. 
1& A polarizer, inducfing: 

• a polarizing means for (fvicfing a plurality of non-polarized light beams^ constituting the Kght incident on the 
polarizer, into the same plurality of identical pairs of dmerentty polarized Bghtt)eams, and 

• means for changing polarization of at least one plura&ty of the identically pol^ 

said plurality of pairs of cfifferently polarized light beams, the polarizing means t>eing implemented in the fomi 
of focusing optical elements opticany registered with the means for changing polarization and comprising at 
least one btrelringent layer ac^acem to at least one optica 

l)irefrmgent layer is the anisotropically absorbing one aid has at least one refraction index that grows as the 
polarized light wavelength tnaeases. 

16. The polarizer aoconcfing to daim 15. characterized in that at least one brefringent antsotropically ^>sort>ing 
layer is implenriented in the form of a set of volurne or phase lenses. 

1 7. The polarizer aocoitfing to daim 1 5. characterized in that the focusing optical element is irrplemented in the 
form of a zone plata 

18. The polwlzer accorcfing to d^ 1 7, characterized in that the zone plate is ir^ 
tude zone plate, even zones of which conprise at least one birefringem anisotrop^ 
a1 least one optics^ isotropic layer, and the odd zones are inade of the opt^ 

ia The polarizer accortfing to dam 17. choacterized in that the zone plate is irrplen^ 
zone plate, at least one relraction index of which phase zone plate changing a^ 
ing to a certan rule, inducfing tn a non-monotonic manner. 

20. The polarizer accorcfing to daim 15. characterized in that the means for changing polarization comprises a 
sectioned translucein birefringert anisotropicany dt>soibing 1^ 

the polarized light wavelength increases 

21. The polarizer acconfing to oiy one of claims 15-20. chmacterized in that t^ 
is implemented in the form of a sectioned translucent half Hivave bi^ 

in focuses or outside focuses of the focusing or^ical elements. 

22. The polarizer accoit&ig to oiy one (rf dairns 15-20. characterized in that tte 
is irrplenriented in the form of a sectioned translucert br^ringent plate h^ 
plates disposed outside focuses of the focusing optical elements. Old sections m 
phase difference between the ordin^ and extraordinary rays, which phase cfifferen^ 
difference deterrnined by said sections in the form of quarter-wave plates disp^^ 
cal elemerts 

23. The polarizer according to ariy one of dainis 15-20. choacterized in that the r^^ 
is iinplemenled m the fonn of a sectioned translucert polyiTierized planar 1^ 
structure, with rotation of the optica axis of the liquid crystal wrthm 

tions disposed in focuses or outside focuses of the focusing optical elements. 

24. The polarizer acconing to aiy one of daims 15-20. characterized in that th^ 
is irTf)lefnented in the form of sectioned translucent achrornatic bir 

25. A polarizer, kidudlng means for converting an incoming norvpolarized light into a plurality of identical Kght 
bearns, a pdtfizing rneOTS fer (fivicfing norvpolvized lig^ 

haying cfifferent pol^izations. Old a rneans for changing pol^izatio^ 

the polarizmg means, c/iaracterized in that said polarizer 

whereon applied are said rneois, the polarizing rneans corrprising at 1^ 

ing layer having at least one refaction index that grows as the polarized light wavelength increases, or a birefrin- 
gent layer having the constant, across the layer thickness, directions of the optical axes, a a birefringent layer 
having optical axes that change ^:ross the layer thidmess according to a carta rula 

26. The polarizer according to daim 25. characterized in that the means for changing pdari^ 
the reflected light beams has a sectioned metric mirror. 

27. The polarizer according to aiy one of dairns 25-26. characterized in that the pol^^ 

least one birefringent antsotropicaBy dtjsorbing layer or birefringent layer having the constant across the layer 
thickness, directions of the opticd axes, and comprising a quarter-wave plate upstream of the sectioned metallk: 
rrwrror. 

2a The polarizer according to any one of dairns 25^, characterized in comprising at lea^ 
teric liquid crystal as at least one brefringent layer having drections o^ 
thickness acconfing to a certain rula 
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2aTbepolartzer8cconfingtoclairns28, dtaracterized in thai at least one layer of a cho^^ 
made Ota polymer cholesteric liquid crystzd. 

3a The polarfzeraccorcfing to daim 28. characterized liquid crystal has. 

across the thickness, a gratfiertol the chofesleric spiral pitch and. as tt^^ result, has the spectrum width of the light 
selective reflection band of not less than 100 nm. 

31. The polartzer according to dam 28, characterized in cornprising at 1^ crys- 
tds having the light sdeclive reflection l)ands in three (Mer^ 

32. The polarizer according to any one of claims 25-26. characterized in that the means for converting the incom- 
ing non-polarized fight is implemented in the forni of a system of miaolenses or microprisms focusing the light 
tieanre oonriing out of them in the dh^ctiori towards imerior of the pol^ 

33. The polaifzer aocorcfing to claims 32. characterized m that the system of microlenses is inplemented in the 
form of positive cylindrical inicrolenses that a)mpletely cover the s^ 

34. The polarizer accorcfing to claim 26, charaderized in that on a fvst surface ^ 

tem of iraoolenses and a sectioned metalic mirror optically registered with said system d microlenses, and on a 
second surface of a fim or plate it comprises at least one layer of a cholester^ crystal. 

35. Ttie polarizer accortfing to daim 26. chaacterized in that on the first suface of a fim or plate it comprises a 
system of microlenses, a sectioried nfwtaBic rrwror opikally 

ter-wave plate, and on the second surface it oorT^xises at least one birefring^ 

Iwefringent layer having the constant, across the layer thickness, drecttons of the optk^al axes. 

36. The polarizer accortfing to datm 26, characterized in that on the fk^ 

sectioned mel^k: iwror, and on the second surface of a fSm or plate sequentiany c^iplied are a system o# rncro- 
lenses optk»By registered with sections of the rnetaOk: rnirror. ^ 

37. The polarizer aocon&ig to daim 26, characterized in tfiat on tfie first surface of a film or plate it comprises a 
sectk)ned rnetafiic nirror and a quarter-wave plate, and on the second sur^ 

are a system of mkrolenses optKally registered with sectkxis of the melallk; mirror, and at least one t)irefringent 
anisolropically absoibing layer or birefringert layer hawing 
optical axes. 

3& The polarizer according to daim 26, charaderized in corrpristng at least two 

external siA^ce of a first fim or plate s^fied is a first system of rrocrolenses, on the internal surface of afirst or 

second fim or plate ^spfied is a sectioned metalfic mirror, and on the external surface of the second f8m or plate 

adcfilionally ^jplied are a second system of inkrolenses optkaBy registered 

with the first astern 0* mkaolenses, and at least one layer of a chotesterfc 

39. The polarizer according to d^ 26, diaracterized in comprising at leas^ 

eorternal suifece of the fnst fta or plate appBed is the ftfst system of mksole^ 

or second film or plate ^jpBed »e the sedwned rnelallk; mirror and the quar^ 

of the second fam or plate adddk)n^ty ^ipKed are the second system of mkT^^ 

tkjns of the rnetalfc rnirror and with the first system of rricrdenses, an^ 

steortxng l^er or birefringem layer haying the constant, across the layer thk^ 

4a The polarizer accoRfirig to daim 26, diaracterized in corrpristrig at lea^ 

external surface of the first fam or plate appBed is a system of rm:roprisnfis. 

second film or plate appfed is a sectnned metaBk; mirror optk»8y registered wfth tt^ 

the external surface of tfie second fBm or plate appBed tfe is one layer of a dwlesterk^ 

41. The polarizer accorcfing to daim 26, diaracterized in comprisirig at least two 1^^ 
external surface of tfw first fBm or plate applied is a system off ritooprisins»o^ 

or plate sequentialy ^jpfied m the sectkined rnetalfic nwTor optkaOy regt 

a quarter-wave plate, on the external surface off the second fflm or plate ap^ed is at least one birefringent aniso- 

tropkally absorbing layer a birefringent layer having the constant aCT 

calaxes. 

42. The polarizer accordng to »iy one of daims 15-20. 25, 35, 37, 39. 41 , characterized in that at least one bire- 
fringent anisolropically absortxng layer has at least one refradkm index ^ 

light wavelength. 

43. The polarizer according to any one of datms 15-20, 25, 35,37, 39. 41 . characterized in that at least one bire- 
fringem anisotropK^ Absorbing layer has the thkimess whereat r^ 

off the polarizer at least for one light inearlypolarized component 

44. The polarizer accord to daim 43, characterized in that thickness cf at least one bi^ 
rfjsofbing layer satisfies the conditkxi of obtaining, at output off the pol^^ 
early-polarized light conponent and the interference rnaxirnum for the othCT 

ponent. 
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45. Ttie polaiter accorifeig to any one of claims 15-20, 25, 35, 37, 39, 41. characterized in that the polarizing 
means comprises at least two layers, o# which layers at least OT^ 

layer, and the other is an opticafiy isotropic layer, whose r^raction index coincides with, or nrexinrialtyproKirnate to 
one of incfices of the t)^Gfringent layer. 

46. The polarizer according to any one of claims 15-20, 25, 35, 37. 39. 41, characterized in that the polarizing 
rneans coiTiprises at least two t>irefringem layers, of which layers one of t^ 

one refaction index of which layer coinddes with, or inaximally pronm 

and the second refraction incfices of the birefringent layer and t)ir€fringent anisotropically abeortwig layer differ from 
one another. 

47. The pdarfzeraccorrtng to any one of claims 15-20, 25, 35, 37. 39, 41. characterized in that at least one l)ire- 
fringem anisotropically absort>ing layer is ibnned: 

• of aft least one organic salt of a dichroic anionic dye having general Ibrrnuta: 

{Chromogene} - (XOir)m © Chromogene is a dye chromophore system; X = CO, Spg. OSOg, 0P0(0 
RT); M = RRT^; RFTfTNH; RFrR"R*N; RRR"*P. when R. R*. FT. R* = CH3. CIC2H4., CgHg, C3H7, C4H9. 
Cet^CHg. substituted phenyl or heteroaryl; YKKCHg-CHaYj^-CHgCHz. Y =0. or NH. m=0-5; N-alkyfpyridn- 
iwn cation, NnaOtytchinolinium cation. N-aOcylimidazolinium cation, N-afkylthiazolintum cation, etc.; n = 1-7; 

• orofatteastoneasyrnrnelricrnixedsaftofacfichroicanionicdyew^ 

{Mi%07C'->.[M/07tMCH2VZ^Ig{Chromogenc}I^^ 



where: 

Chromogene is a dye chromore system; Z=S02NH. SOg. CONH. CO. O, a NH. CHg;?^ 1 - 10;f = 0-9;g = 
0-9; n = 0-9. m = 0-9, ntl = 1-10: m+g = 1-10; X, X* = CO. SO^.OSOg. PO(0^; M ^ M^M, II1 = H; non- 
organic cation of the foBowing type: NH4. U. hte, K,Cs,Mg,Ca, Ba.Fe,hB.Ca eta; orgartic cation of the fol- 
lowing type: RHN3, RRTOHg, RRRT^H; RR*R-R*N; RR'R"R*P. where R,R*. R", R* = alkyi or sutistrtuted alkyi of 
the following type: CH3 CIC2H4, HOC2H4, C3H7, CJti^ Cgt^CHg, substitited phenyl or heteroaryl. YH- 
(CH2-CHtYXt-CH2CH2-. Y = O, or rslH. k =s 0-10; h€tefoaronf«tic cation 
N-alMchinoGnium. fi^l^Kmidazolinium. Mnall^rthiazorinium etc.; 
• oral at least one associate of a (fichrok:antonk; dye with surtace-activeca^ 
general formula: 

(»rOTr-).[M*07CMCH2VZ-lg {Chromogene} I-ZKCH2),-XO-SUiq, (X01SUR)„ 



wtiere 

Chromogene is a dye chromophore system; Z==S02NH,S0^^C0^Hro^ CH2;p = 1 - 10:f = (M; 

g =0-9; n = 0-4. m = 0-9, ntl = 1-4; m^ = 0-10; X, X* == CO, OS0^PO(0^; li = H; 
of thefoUowing^: NH4, Li, Na, K, Cs, Mg, Ca, Ba. Fe. Ca eta; organk: cation of the foBowing type: RHNj. 
RRTOH^. RR- PTHH; RR RrR*N; RR R-TTP, where R, R*. R", R* « a»yi or subst it uted all^ o* foBowing type: 
CH3 CK^ HOC2H4. C2H5 - C10H21, CeHgCHg, substituted phenyl or he^^ 

, Y = O, or NH, k = 0-10: heteroaromaifo cation of the toOowKig type N-allQflpyridhiium, M-alkytehinolinium, N- 
alkyfimidazolinium. N-alkylthtazolffnum. etc.; ICSUR^, SUR = KSUR+. ICSUR+, AmSUR, where: KSUR* and 
ICSUR^ are surface-active catfons, ArnSUR is arrphoteric surfacta^ 

• or of at least one associate of a dfohrofecatfonic dye with a surface-activ 
active dye of general formula: 

(fM*0'X-)^ [iraX-(CH2)p-Z-lg {Ommogene^ SUR, where Chromogene is a dye chromophore system; Z 
=S02NH. SO2,, CONH. CO, O, S, NH, CHg; p = 1-10; g = 0-1; m = 0-1; nHg=1; X = CO, SQa , OSOg, PO(0' 
1^; M = H; nonnor^nfo catfon of the foBowing type: NH4. U ^la, K, 

cation of thefottowmg ^: RNH3 RRT4H2; RRTTNH; RRRW^; RRTTRT, where R, R*, R", R* = atttyl or sub- 
stituted rikyi of the foBowing type: CH3. CIC2H4. HOC2H4. CzHs - C10H21 . CeHsCHg. sitetituted phenyl or het- 
eroaryl, YH-{CH2-a42Y)k-CH2CH2, Y = O. or NH, k = 0-10; heteroaromalk; c^ion of the foBowing type: N- 
aBcylpyridinium, N-alkytahinolinium, N-alkylimktezoIinium, N-aU^HhiazoBnium, etc: KSUR*^ (surfacMCtive cat- 
ton), SUR = ASUR-; AinSUR. where: ASURT is swface active cattoa ArnSUR is amphoteric surfacta^^ 

• or at least of one associate of a dkrfworccatfonk; dye with a surlace-ac^ 
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of general tormula: 

{ChfDmogene}-(Z-(CH2\> - X* RffTfT SURLi, where Chromogene is a dye chromophore system; Z = 
SO2NK SOg CONH, CO, O, S, NH. CHg; p = 1-10; X = N. P; a R', = alkyi or substituted alJ^ of ttie foflow- 
ing type: CH3. OCaKU. HOC2H4. CaHs C3H7, SUR =ASUR^. AmSUR, wfiere: ASUff is a surface-active anion. 
AnnSUR is an amphoteric surfactant; n = 1-4; 

• or of at least one water-insoluble cfichroic dye and^or a pigment that do not contain ionogenic or hydrophilic 
groups: 

• or of at least one low-molecular thermotropic liquid-crystal substance being a dichroic dye or containing, as a 
conponent a fiquidKTystal and/br a dk:hroic dye other than liq^^ 

ner, for exariiple after application of a layer by curing usmg litravM racfiation; 

• or of at least on polymer material other than liquid-crystal one. wth a control led degree d hydrophilicity. dyed 
with a dicfiroic dye and/br an iodne compouncfe; 

• or of at least one polymer thennoptropicfiquidK»Ystaland/brnon-l^ 
nrtass and^ cfierriicalty tx)nded a polymer chain dichroic 

• oratleastof one(fichrDicdyecap^bleoffwmingatyotropiciiquid<:^^ 

• or at least of one cficftroic dye of ttw polymer structure; 

• or at least of one water-sokjbleorgarnc dye c^)^gI forming a stable 1^^ 

forrrtila {Chromogene} (SOsNQr, where CTvomogene is a dye chromophore system; M - K*. a non-organic 
cation: and having thickness not less than 0.1 mem; 

• or of their mixes. 

47. The polarizer acconfing to daim 46, characterized in that at least one dk:hroic dye or pigment is selected fro^ 
a series of dyes capable of fomnng a lyotropk; liqifld-crystal phase, or 
lyotropic liquid-crystal phase; or ol a series of luminescem dyes; or of the dir^ 

or of the acid dye dass; or of the series of sulfo-acids of polycycUc dyes; or of the type of polmethyne. cyaninic, 

hernicyaninK dyes; or of the type of arykarbonfc dyes; or of the type of he^ 

rnethanes, or thiopyraninic, pyrontfttc, acryifinic. ODcazirwttC^ 

dyes; or of the series of (fepersed dyes; or of the series of anthrac^^ 

or of the series of nriono- or polyazocornpounds. or d the series of perv^^ 

pounds; or of the series of heterocyclic derivatives danthrone; or d the series drnefalc^ compounds; or d 
the series d arornatk: heterocycfic conrpouids or their rnixes. 

4a The polarfzeraccorc&ig to any one d claims 1-20, 25-26, 35 37. 39, 41. characterized in that at least one bire- 

fringent anisotropicalty a bsorbing layer adcfitionaBy conprises a nxxlifier, in c^sedty d which mod^ used are 

hydrophOk; or hydrophobic polymers d dKferent types, including 1^^ 

ptastidzers and vanriishes. inckicfing stliconK)rgaruc 

4a A KqukM:rystal imficating element, conprismg a layer d iq^ 

plates, at least one d whKh plates cfisposed are electrodes and a pdari^ 

izer conrprises at least one birefrvigent anisotropkralty absorbing layer having at least one reaction index that 
grows as the polarized Bght wavelength Increases. 

5a Tbe tiqukl-crystal incficat^ element acconfing to daim 49. characterized in that at least one birefrtngent 
OTSOtropkallyabsoftjing layer d at least one polarizer is implernen^ 
another with respect d v^ues d phase delay tfKlfor directk)n d the pdariza^ 

51. The liqukH^rystal indicafing element aocorcfing to da^ 

least two birdringent anisotropkaffy Absorbing lay ers d differed cok)^ 

the polarization axes, whk:h layers are appfied orie ever the ether, or on at least on orieirtermediate layer that sep- 
arates them, and on the other plate the polarizer conprises at least one bi^ absorbing layer 
d a grey cdour having the (firectfon d the polarization axes that coinckles wi^ 
one d thebirefringent antsotropfoaNyabsort>ing layers on the first plate. 

52. Tbe lk)ukl-crystal Indicating element according to any one d claims 49-51, characterized in that it further 
comprises on one plate a cfiffuskxweflectkm layer, whkii layer simultaneously sexes as an electrode, and at least 
one birefringent anisotropKaly BbsctbinQ layer being cfisposed immecfiately on the reflecting layer or a delectric 
sub-layer applied on the reflecting layer. 

53w The lk|uld<rystal indicating elemem according to any one d 
birefringerrt anisotropk»lly Absorbing layer d at least or>e polarizer has at 1^^ 
proportkxial to ttie polarized lig^ wavelengtfi 

54. The lk|uid-crystal indk:ating elemem according to any one d datrns 49^1 . ch 
birefringem anisotropk:aBy Absorbing layer d at least one polarizer has t^ 
ference extrenrum at odput d the polarizer for at least one lineartyic^^ 



45 



EP0961 138 A1 



55w The liqulckcryst^ bxticating element acoorcfing to daim 54, chaiacterized in that thtdoiess of at least one 
t)irefringent antsotrcpKBlly at>sorbng lay^ 

ttie polarizer, the mterference minimuni for one linearly-polarized Kght component and the interference maximum 
for the other orthogonal finearty-polaized Ught component. 

56. The liquiil<rystal Micat^ elemem according to 

prises at least tvm layers, of which layers one is a birefringentantso^ absort)ing layer, and the other is the 
opticany isotropk: layw whose refraction index coincides 
fringent layer. 

57. The liqtitcM:rystal incficaling elemerrt acc^ 

prises at least tm ciflerent twdringent layers, of which bireiri 

ffig one. and one refraction index of which antsotropicaRy ab6ort)ing la^ 

one of indices of the tw^efringent layer, asid the second refraction indices of the birefringent layer and birefringent 
arvsolropically absortwig layer are different from one anotfter. 

58. THe yquiil-crystai Micattng element accortfing to daim 54. characterized in that the polarizer adcfitionaOy 
conprises at least one l^er that at least parti^ly reflects the light 

59. Theyqtikl<rystalMlcatingeleniemacco^^ Itght-reftectvig layer is 
a metafile layer. 

6a Tlte Ik^d-crystal ln(ficating element, comprising a 

plates, at least on one of which plates (fisposed are electrodes and a 

polarizer comprises: 

• a pol^izing means for dividing a plurality of non-polarized 

the sarnepluraityol identical pairs of cfifferentty polarized ligmbeams^ In the form of focusing 

optical elemenls. each of which elements comprises at least one birefringent anisotropicalty absortxng layer 
having at least one retraction index that grows as the polarized light wavelet 
one optica isotropic layer; said polarizing means being optically re^ 
ization of at least one plurality of identically polarized li^ 
entiy polsized Bght t>eamsw 

61. The Kqui(M:rystal incficatnig element acconfing to daim 60, characterized bi that at least one birefringent 

layer is trTY)lenr)ented in the form of a plurafity of 

62: The BcMc^cryslai Mcatfarig elemem accori^ to d^ 

ment is implemented in the form of a zone plate. 

63w The licpikKcrystal Mcating element acconfing to damn 62, characterized in that the zone plate is tmple- 
nriented ffi the fonrn of £« arrpKude zone plate, even zones of whic^ 
cally ^t>sort)ing t^ ac^acem to at least one opticaKy isotropic lay^ 
isotropic materia 

64. Tte liqukMaystai I ndicating elemem accorcfing to daim 62. characterized m that the zone plate is imple- 
niented nn the fonn of a phase zone plate; at least one retraction index of w^ 
at least one of directions accordtfig to a certm nie. inducfing h a nonn^ 
65w The liqin(Myyslai incKcating elemerrt accoTKfing to da^ 

pdvization comprises a sectioned transbjcent b^efringent anisotropicalty Absorbing layer having at least one 
refraction index that grows as the polarized ighl wavelength increases. 

66. The Nquic^crystalMicatlng elemem accordtf^ 6(K65. characterized in that the mem 
for changing polaizabon is irnpleinerited ffi tt« form of a sectioned tianst^^ 

having sectioris disposed in focuses or outside focuses of the focusing qptical elements. 

67. The liqukkcrystal Indicating element according to ariy one of claims 60-65, characterized In that the means 
for changing polarization is implemented in the form of a sectioned translucerit birefringent plate having sections in 
the form of quarter-wave plates cBsposed outside focuses of the focusing optkal e^ 

of plates determining a phase difference between the ordinary ^ extraorcfinary rays, wNch phase (fifference ca- 
ters by ic from the phase difference determined by said sections m the form of quarter-wave plates disposed in 
focuses of the focusing optical elements. 

68. The liqui(H:rystalln(Hcatlng elemem according to aiy one of c^ 60-65, characterized in that the noem 
for changing pol»1zatfon is irrplernemed in the form cf a sectioned trans^^ 

crystal having the twist stnKture, with rotation of the optical axis of t^ 

aA angle of 90^, vvith sections (tisposed ^ focuses or outside focuses of the focu^ 

69. The liquicM:rystal Indicating elemem according to any one of dai diaracterized in that the means 
for changing polarization is implernenled in tiie form of sectioned traislucert a 
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m A BquMcrystal imticatfng eternef^ 

plales, a1 least on one of which plates being disposed e)^^ 

polarizer is inrplemented in the form of at least one fim or plate, whereon applied are nr>eans for converting the 
incoming noni»larized SgW into a plurality of identic 
5 6gmbeanis into polarized passing and reflected beams havi^ 

has at least one birefringent anisotropicany Absorbing layer haying at leas^ 

polarized 6ght wavelength inaeases. or a birefringemi^ cfirec- 
tionsol the optical axes that change across the layer thickness accorcfing to a c rule, and means for changing 
polarization and direction of the light beams reflected from the pola-izing meana 
70 71. Tbe IkiukS-crystal In di c aling element accorc^ to daim 70. characterized in that the nf>eans for changing 
polarization and direction of the reflected light beams has a sectioned metallic mirror. 

72. Ttie liquid-crystal Indicating element according to any one of claims 70-71. characterized In that the polariz- 
ing means comprises at least one birefringent anisotropically absort)ing layer or birefringent layer having the con- 
stant across the layer ttvclatess. drections of the optical axes, an^ 

15 the sectioned m^ic mirror. 

73. me Bquidcrystal iiKticating eiemefvt^xx)rtfing to any one trfdairns 70-71. characterized in conprisi^ 
least one 1^ of cholesteric fiquid crystd as at least bffefringem layer ha^ 

change across the layer thidmess according to a certain rule. 

74. TTie Kquld^rystal indicatirig elemem according to darns 73, characterized in th^ 
20 esteric fiquid crystal is rnade of a polyrnerchdesteric liquid crys^ 

7& The liquid-crystal iiKlicatirig elemem according to any one ol 
layer of a cholesteric BqiAd crystal has. across the thickness, a gracfie^ 
result has the spectriOTi wicfth of the light selective reflection band of not ^ 

76. ITie KqtM-crystal indicating eleniem according to daim 73. choB^ 
25 of chdestericBqiid crystals having the ligM selective reflect!^ 

77. T?ie liquid crystal Indicatfrig elemem according to ^ one of dairns 70-71 . charac^ 

for converting the incoming non-polarized Bghl is implemented in the fom of a system of nnicrolenses or micro- 
prisms focusing the Bght beams coming out of them in the cfirection towards the 

78. lTieyqui(M:rystaliiKficattng element according to dam 77. characterized in that the system of nmcrolenses 
30 is inrplemerted in the form of positive cyfindricalrnicrolensestha^ 

79. The liquid-crystal iiKficating elemem according to daim 71 . cha^ 
or plate the polar^ comprises a system of microlenses axi a sectioned 

said system of rncrdenses. and on a second surface of a fifrn or plate it oor^^ 
tericBquid crystal 

35 8aTtieKqui(M:rystalln(ScatBngelefnem according to datm 71. charader^ 

or plate the polar^ comprises a system of iracrdenses. a sectioned rne^ roistered with said 

system of rriicrolenses. and a quarter-wave plate, and on the second surface it coTTf^^ 
anisotropically absorbing layer or birefrmgem 1^ having the constait across ^ 
optical axeSw 

40 81. The liqui(Myystel In dicating eieroem according to daim 71, chOT^ 

or plate the poivizer comprises a sectioned nnet^Bc rnirror. and on the sec^ 
^3p6ed we a system of microlenses optically registered with sections of the nn^ 
of a didesteric liquid crystal. 

82. The fiquiclcrystal iricScating elemem accorcfing to dam 71. chara^ 

46 or plate the poiar^ comprises a sectioned metalBc mirror and a quarter-wave plate, aid on the second surface 
of a fim or plate sequentially ^3plied are a system of micrdenses optically registered with sectfons of the metalfic 
rnirror. and at least one brefringem anisotropically absortxng layer or bff 
the layer thickness, cfirections of the optical axes. 

83. The liquid-crystal indicating elemem according to daim 71 , chaacterized 
50 least two laninatedfirTS a plates, on the external surface of a first fim or plate 

lenses, on the internal surface of afirst or second film or plate appfied is a sectioned metalBc mirror and on the 
eocternal surface of the second f3m or plate addition£^ applied ae a second ^stem of 
istaed with sections of the inetaHic mirror and with the first system of iT^^ 
esteric Bqtid crystal 

55 84. TTtetiquidKTystal IncScating elemem according to daim 71. chaacteri^ 
least two larninatBd finris or plates, on the external surface of the fi^ 
rdenses. on the intern^ surface of the first a second film or plate applied are a secti^^ 
quarta-wave plate, on the external surface cf the second fim or plate additionally applM 
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mkirolenses oplk:^ly registered ¥wth se^^ 

least one bkefringent anisotropicafly absorbing layer or birefringent layer having the constant across the layer 
thickness. (Sections of the optksd axes. 

85. Ttie ligiMcrystal Imficating elemem according to 
least twb n r in ated t a rns or plates, on the external surface of a 

on the imernal surface of the first or second fim or plate ^led is a sectioned n^ 
with the systenri ol nmoprisnris. on the exterral surface the second ffl^ 
teric Bqud crystal. 

86. TtieliqukM:ry$tal indicating elen^em according to claim 71. characterized in that the pol^^ 
least two tarrinated fBnris or plates, on the extenrid surface of 

prisms, on the tntemal surface of the first film or plate sequentiaily applied are a sectioned met^fic mirror optically 
revered with the system of microprisms. a quarter-wave plate, on the extern 
appGed is at least one birefringem antsofropically absort>ing 1^ or 
the layer thickness, drections of the opticd axes. 

87. The Kquid-crystal indicating element accoiding to any one of claims 60^. 70. 71 . 80. 82. 84, 86. charac- 
terized in that at least one polarizer comprises at least one birefringent anisotropically absortxng layer having at 
least one refraction index that is cfirectly proporlkxial to the polarize 

88. TtieRquid-crystal incncattng element according to any one of daims €0-65, 70. 71. 80, 82. 84. 86. charac- 
terized in that at least one birefringent antsotropicaBy absorbing layer of at least one polarizer has the thickness 
whereat realized is the interference extrenrium at output of the polarize light linearly-polarized oom- 
portent 

89. The liquidHcrysttf indicating element accorcfing to dam 88. characterized m that thickness of at least one 
birefringert anisotropically £teorbing layer satisfies the con«^ 

ference nrinimum ftx one inearfy-polarized Bfi^t oornponent ^ 
inearty-polarized light conrponent 

SaThellquid-crystaiincficatfaigelememaccortfingtoanyoneofc^ 70.71.80.82. 84. 86 character- 

ized in that at least one polarizer con^irises at least two l^ers. of w^ 
geni anisotropic^ ^bsorbkig layer, mid the other is the optically isotr^ 
with, V maxinri^ proximate to one of indices of the bir^rhgent layer. 

91. Ttie fiquid-crystal incKcating element accorcfing to any one of d»ms 60^, 70. 71, 80. 82. 84, 86. charac- 
terized in that at least one polmizer corriprises at least two birelringerit 
is the anisotropkatty £teort)ing layer, one relraction index of w 
one of OTcfices of the b^efrin^ 1^. and the second refraction incfi^ 
OT So tropicallyabsort)tng layer cfifter from orieanotfier. 

92- Tlie liquid-crystal Mcating element accorcfeig to any one of daims 49-61. 60-65, 70. 71, 80. 82, 84, 86. 
characterized in that at least one of the polarizers further cornprises an orierift^ 
rials, or on the t»sis of pdymer materials. 

93.TheliquklKyystalincficatmgelefnentaccortfngtOOTyo^ 71.80. 82, 84, 86. char- 

acterized in that aft least one birelringerrt anisotropkalty absorbi^ 

• of at least one organk; salt of a dk:hrok:mx«c dye having gen^ 

{Chiomogene} - CXOIT)^ where Chromogene is a dye chromophore ^stem; X = CO, SO2. OSO2. OPCXCr 
M^: « = RFWH2: RFTFTOH; RFTFTR^N; RRK-*P. when a R*. FT, R* = CH3. CIC2H4.. Cgt^ C3H7. 
CeH^CHg. substituted phenyl or heleromyl. y\HO^<^^m<W^* Y =0. or NH, m=0-6; N^kylpyridin- 
um cation, Mnalkytohinolinujm cation, N-alkytimidazolinium cation, f^n^kyttNazolinkim cation, etc: n » 1 -7; 

• or of a* least orieasyrrirnetric mixed saH of a cfichroic anionic dye with 

(M,%07('-)«lM/0-XMCH,VZ-|.{Chromogene}l.Z-{CH,V'\01^r 



wfiere: 

Chronfiogeneisadyechromoresystern:.Z=SO^H, SO^, COMH,CO,0,S. NH.CH2;p= 1 -10;f = a^;g = 
0-9; n = 0-9. m = 0-9. n4 = 1-10: m^g = 1-10: X, X* == CO. SOg. OSP2, PO(OftO: M 5^ ^ 
cation of the fodowing type: MH4.l-i.fte.K.Cs. l^,Ca,Ba, Fa Ni.Ca etc.: organic cation of the following type: 
RHN3. RRTIHg, RR*R74H; RR*R"R*N; Rff R"R*P, where R.R*. R". R* = alkyi or substituted alkyl of the foaowing 
type: CH3 CIC2H4. YKX^H^ C2H5, C3H7. C4H9. CeHsCHg. substituted phenyl or heleroaryl, YH-(CH2-CH2Y)k- 
CH2CH2-. Y = O. or NH. k = 0-10; heteroarornalic cation of the foltowing typ^ 



48 



EP0961138A1 



Gniura t^^lkyfimidazofinium, h^alkythiazoitnium etc.; 

• (X of al least orie associated a dfctwowarwn 
general Ibrmiia: 

GVrOY-)«lM*0-XMCH2)p.Z-lg {Chromogene] J.Z-(CH2)p-XO SURIr (XOISUR)^ 
where 

Chromogene is a dye chromophore system; Z=S02NH. SOg^CONH, CO. O, S. NH. CHg; p = 1 - 10; f = (M; g 
=0^;n = (M.m = 0-9,rHl=1-4;nrHg = 0-10;X,X' = CO.SO2, OSOg, PCKCTM^); M = H; rKXVorganic cation 
of ttie following type: NH4. U Na, K. Cs, Mg. Ca. Ba. Fe. Mi. Co. eta; aganiccatiori of the following type: RHN3. 
RRT^IHj. RFTR-NH; RRWR^N; RffR"R*R where R,R\ R", R* = alky! or substituted aBcyl off the following type: 
CH3 CIC2H4. HOC2H4. C2H5 . CioHsi, CeHsCHg. sutjstitiiled phenyl or heteroaryl. YhHCH2-CH2Y)„-CH2CH2- 
. Y = 0.aNH. k = 0-10:h€*eroarDrnaticcationc#thetollowmgtypeN-alk^^ N-alkytehrolinium. N- 
alkyfimidazofinium, N-dkylthiazofinium, etc.; ICSUR*. SUR = KSUR*. ICSUR* , AmSUR, where: KSUR* and 
K*SUR^ are surfacenactive cations, AmSUR is arrphoteric surfactant 

• or of at least one associate cl a cfichroccationic dye with a surface-^^ 
active dye of general formula: 

(M*cnC-)„ [iyrO0C-<CH2\,-Z-lg {Ctuomogene*} SUR, where Chromogene is a dye chromophore system; Z 
=S02,NH, SO2, CONH, CO, O, S, NH, CHg; p = 1-10; g = 0-1: m = 0-1; nHg=1; X = CO, SOg, OSOg, PO(a 
lur);M=:H;non^)rg»iic cation of the foflowing: type: ^IH4.U^^ Mg. Ca. Ba, Fe, Mi. Ca ete.; organic 
cation off the ffoiowmg type: RNH3 RRt4H2; RRW'IMH; RR'R"R*N; RRR"R*P. where R. R*. R", R* = alkyi or sub- 
stituted alkyi of the foltowing type: CH3. OC^ HOC2H4. C2H5 - C10H21. CgHsCHg. substituted pheriyl or het- 
eroaryl, YH-(CH2-CH2Y)k-CH2CH2. Y = O, or NH. k = 0-10; heteroaromatic catkxi off the foltowing type: N- 
alky^jyricfinium. I^J-alkytahinolTOim, f4-alkylimkiazoliraum, ff4-rfkylthiazorinium, ^.; KSUR* (surface-active cat- 
ton), SUR^ASUR-, AmSUR,¥where:ASUR^ is surface active catioaAmSUR is amphoteric surfactant; 

• or at least of one associate off a cfichrotocaticnto dye with a surface-active^^ 
off gerteral formula: 

{ChronnogenehEZ-CCHaV - ^ R«*R" SUR1„, where Chromogene a dye chromophore system; Z = 
SO2NH, SO2. CONH, CO, 0,S,NH.CH2;p = 1-10; X = ra. P; R. R, R" = alkyl or substituted aBtyl of the foltow- 
ing type: CH3, CIC2H4, HOC2H4, C2H5, C3H7, SUR =ASURr. AmSUR. where: ASUR- is a surface-active anton, 
AmSUR is an amphoteric surfactant; n = 1-4; 

• or off at least one woler-insolubte dichroto dye wVor a pigment that do not contain tonogento or hy*qphiBc 
groups; 

• oroffatleastonetownrnoleculartherfnotroptolkiuid-crystaisubst 
con^xinent. a IktudKTystal and^ a dkivoto dye c4^ 

ner. for exarTY)te after ^pltoatton of a layer by curvig using ul^^ 

• or of at least on polymer n^aterial other than Bc|uid<yystalon^ 
with a dkiiroto dye andfor an tocfine compounds; 

• or of at toast one polymer thennof^ropicfiquxl-crystalandforno^ 
nrtass andAor chernic^ bonded with a po^rner chain dichroic dyes: 

• oralleastofonecfichrotodyecapabtocfforrriingalyotropicG^^ 

• or at least of one (fichroicc^ of the polymer stnjcture; 

• oratleastofonewater-sotobteorgoitodyecap^offonTiingasl^lyolropto 

fomwla {Chromogene} dSO^Uti^ where Chromogene is a dye chromophore ^^stern; M - H*^. a nonorganto 
catton:arKi having thickness not less than 0.1 mem; 

• or of their mixes. 

94.Theli<|ukKcrystal indicating elemem according to datm 93. characterized in that at least o^ 
pigrnert is selected from a series of dyes cap^ forming a lyotropic lic^jid cry^ 

c^>^ off forming a st^ tyotrcpic liquid^crystal phase; or of a series off fominescent dyes: or off the drectdye 
dass; or off the active dye class; a of the acto dye dass; or o# the series off sutto-acte 
type off polymethyne. cyaninto, hen«;yaninto dyes; or off the tj^ off aryte^^ 

derivatives off cfi- and triaryl methanes, or thtopyraninto. pyrorwttc, acrycfinto. oxazinkuc thiaziroc. xanthento. azinic 
dyes; or off the series of vat dyes; or off the series ol dispersed dyes; or of the series off a^ 
the series off txfigoid dyes; or off the series of mono- or polyazocorn^^ 
the series off polycycfic corrpounds; or off the series of heterocyclic derivatives 
conptaconpounds; or off the series off aronrratto heterocyclic comp^ mixes. 
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as. The liquid crystal Incficating element according to any one of dainre 49^1, 6065, 70» 71. 80, 82, 84, 86. 
characterized in that at least one t)ff^ringent antsotropicalty atisorbing layer of at least one polarizer further com- 
prises a mocfifier, in c^)acity of which mocfifter used are hydrcphBic or hydrophobic polymers of cfifferent types, 
inducing liqtid crystatlrne. siBcorvorganic polymers; and/or plastictzers and vamishes. including siticorH)rganic 
andtor norvionogervc surfactants. 
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